Individual Dynamical Masses of Ultracool Dwarfs by Dupuy, Trent J. & Liu, Michael C.
  
 
 
 
Edinburgh Research Explorer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Individual Dynamical Masses of Ultracool Dwarfs
Citation for published version:
Dupuy, TJ & Liu, MC 2017, 'Individual Dynamical Masses of Ultracool Dwarfs', The Astrophysical Journal
Supplement Series, vol. 231, no. 2, 15. https://doi.org/10.3847/1538-4365/aa5e4c
Digital Object Identifier (DOI):
10.3847/1538-4365/aa5e4c
Link:
Link to publication record in Edinburgh Research Explorer
Document Version:
Peer reviewed version
Published In:
The Astrophysical Journal Supplement Series
General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.
Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.
Download date: 31. Jul. 2020
Individual Dynamical Masses of Ultracool Dwarfs∗†‡
Trent J. Dupuy1 and Michael C. Liu2
ABSTRACT
We present the full results of our decade-long astrometric monitoring programs tar-
geting 31 ultracool binaries with component spectral types M7–T5. Joint analysis of
resolved imaging from Keck Observatory and Hubble Space Telescope and unresolved
astrometry from CFHT/WIRCam yields parallactic distances for all systems, robust
orbit determinations for 23 systems, and photocenter orbits for 19 systems. As a result,
we measure 38 precise individual masses spanning 30–115MJup. We determine a model-
independent substellar boundary that is ≈70MJup in mass (≈L4 in spectral type), and
we validate Baraffe et al. (2015) evolutionary model predictions for the lithium-depletion
boundary (60MJup at field ages). Assuming each binary is coeval, we test models of
the substellar mass–luminosity relation and that find in the L/T transition, only the
Saumon & Marley (2008) “hybrid” models accounting for cloud clearing match our
data. We derive a precise, mass-calibrated spectral type–effective temperature relation
covering 1100–2800 K. Our masses enable a novel direct determination of the age distri-
bution of field brown dwarfs spanning L4–T5 and 30–70MJup. We determine a median
age of 1.3 Gyr, and our population synthesis modeling indicates our sample is consistent
with a constant star formation history modulated by dynamical heating in the Galac-
tic disk. We discover two triple-brown-dwarf systems, the first with directly measured
masses and eccentricities. We examine the eccentricity distribution, carefully consid-
ering biases and completeness, and find that low-eccentricity orbits are significantly
more common among ultracool binaries than solar-type binaries, possibly indicating
the early influence of long-lived dissipative gas disks. Overall, this work represents a
major advance in the empirical view of very low-mass stars and brown dwarfs.
*Data presented herein were obtained at the W.M. Keck Observatory, which is operated as a scientific partnership
among the California Institute of Technology, the University of California, and the National Aeronautics and Space
Administration. The Observatory was made possible by the generous financial support of the W.M. Keck Foundation.
†Based on data obtained with WIRCam, a joint project of CFHT, Taiwan, Korea, Canada, France, at the Canada-
France-Hawaii Telescope, which is operated by the National Research Council of Canada, the Institute National des
Sciences de l’Univers of the Centre National de la Recherche Scientifique of France, and the University of Hawaii.
‡Based on observations made with the NASA/ESA Hubble Space Telescope, obtained at the Space Telescope
Science Institute, which is operated by the Association of Universities for Research in Astronomy, Inc., under NASA
contract NAS 5-26555. These observations are associated with programs GO-11593, GO-12317, and GO-12661.
1The University of Texas at Austin, Department of Astronomy, 2515 Speedway C1400, Austin, TX 78712, USA
2Institute for Astronomy, University of Hawai‘i, 2680 Woodlawn Drive, Honolulu, HI 96822, USA
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Subject headings: astrometry — binaries: close — brown dwarfs — stars: evolution,
fundamental parameters — parallaxes
1. Introduction
Mass is the most important property governing the destiny of self-gravitating gaseous objects
in hydrostatic equilibrium. Mass determines whether an object becomes a star, generating suffi-
cient energy through nuclear fusion of hydrogen to stabilize itself against gravitational collapse, or
a brown dwarf, which primarily supports itself by degeneracy pressure. The dichotomy in the way
these two classes of objects satisfy hydrostatic equilibrium results in drastically different evolution-
ary outcomes. Sufficiently massive objects maintain a relatively stable luminosity and temperature,
becoming stars on the main sequence for millions to trillions of years. Meanwhile, objects of sub-
stellar mass steadily and drastically decrease in luminosity and temperature. One key observational
consequence is that the coldest gaseous objects can be confidently identified as brown dwarfs (e.g.,
Oppenheimer et al. 1995). However, the masses of most ultracool dwarfs are indeterminate because
observables like luminosity and temperature are degenerate between mass and age, such that the
mass could be lower or higher if the object is younger or older, respectively.
The evolution of brown dwarfs and the substellar boundary itself are largely understood based
on theoretical work over the last two decades (e.g., Saumon et al. 1994; Baraffe et al. 1995; Burrows
et al. 1997; Chabrier & Baraffe 1997; Lodders 1999; Chabrier et al. 2000; Burrows et al. 2001;
Baraffe et al. 2003; Saumon & Marley 2008; MacDonald & Mullan 2009; Baraffe et al. 2015).
Broadly speaking, the interior physics of evolutionary models over this time has remained the same,
while the treatment of the surface boundary conditions has advanced greatly due to improved
molecular line lists, chemistry, and cloud modeling (see a recent review by Marley & Robinson
2015). Clouds in particular have long thought to be the key to explaining major variations in
the emergent flux of brown dwarfs, especially in the change from L to T spectral types (the L/T
transition). Understanding clouds in theoretical modeling is imperative given that they can exert
great influence on the atmosphere’s opacity, but the physical processes governing cloud formation,
particle size distribution, and sedimentation are all effectively free parameters that can only be
constrained loosely by observations. Over the past decade, model atmospheres have been largely
developed with guidance from observations of colors, absolute magnitudes, and spectra, so they
can reproduce the observed surface properties of ultracool dwarfs reasonably well. However, as
atmospheres are a key input to evolutionary models, there arises an entirely different question
of whether predictions of fundamental properties (luminosity, radius, etc.) are improved by the
adoption of the latest cloud prescriptions and molecular opacities.
Direct mass measurements are central to tests of evolutionary models. Previous work on
ultracool dwarfs (spectral types ≥M7) has focused on total dynamical masses that can be readily
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determined from relative astrometric orbits because the narrow field-of-view afforded by adaptive
optics (AO) imaging rarely contains any reference stars that could be used for absolute astrometry.
To date there are total dynamical masses for more than a dozen ultracool binaries (e.g., Lane et al.
2001; Leinert et al. 2001; Bouy et al. 2004; Liu et al. 2008; Dupuy et al. 2009a,b,c, 2010, 2014;
Cardoso et al. 2009; Konopacky et al. 2010). In a few special cases, individual masses have been
determined: for two single companions to main-sequence stars (Ireland et al. 2008; Crepp et al.
2012); for the companion AB Dor C by assuming a mass for AB Dor A (Close et al. 2005; Guirado
et al. 2006); and for three ultracool binary systems where mass ratios are measured using radial
velocities or absolute astrometry (Zapatero Osorio et al. 2004; Simon et al. 2006; Seifahrt et al.
2008; Konopacky et al. 2010; Ko¨hler et al. 2012; Dupuy et al. 2016). However, most of the objects
in this small sample in the literature are likely to be stars and not brown dwarfs. For additional
context, our individual mass measurements for the L6.5+T1.5 binary SDSS J1052+4422AB marked
the first individual masses for any field L or T dwarfs (Dupuy et al. 2015b). This stands in stark
contrast to the situation for individual dynamical masses of earlier-type M dwarfs, where dozens
of measurements over the years have now reached very high precision (e.g., Henry & McCarthy
1993; Delfosse et al. 2000; Benedict et al. 2016). Thus, even though significant progress has been
made on ultracool dwarfs using mostly total dynamical masses, the individual masses needed for
the strongest tests of models have been lacking.
We present here orbit and mass determinations for a large sample of ultracool binaries with
component spectral types of M7–T5. Results here are based on a uniform (re-)analysis of Keck AO
imaging and masking data from the past 10 years, as well as HST imaging from the past 20 years,
and nearly a decade of absolute astrometric monitoring at the Canada-France-Hawaii Telescope
(CFHT). The combined data set not only provides total dynamical masses from the relative orbits
and CFHT parallaxes but also yields precise mass ratios from measurements of photocenter motion
in our CFHT data. We report observations for our entire sample of 31 binaries, from which we
determine robust orbits for 23 systems and individual masses for 19 systems (two of which turn
out to be previously unknown triple systems). We critically examine some of the basic predictions
of evolutionary models, such as the mass limits for hydrogen and lithium fusion, and we establish
empirical relations between parameters such as mass, luminosity, effective temperature, absolute
magnitude, and spectral type. We use the brown dwarfs in our sample as clocks (age-dated from
models using mass and luminosity) to directly determine the age distribution of the field population.
Finally, we re-visit the eccentricity distribution of ultracool dwarfs (initially discussed in Dupuy &
Liu 2011) and the potential implications for the earliest stages of evolution.
2. Sample Selection for Keck & CFHT Orbit Monitoring
The orbit sample presented here was drawn from the very low-mass visual binaries (Mtot .
0.2M; using published mass estimates) known to us in early 2008. In addition to the total
mass criterion, we also excluded binaries with integrated light spectral types of M6 or earlier and
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published distance estimates &40 pc. For the work presented here we also only consider binaries
with types earlier than T6. As the starting point for defining this sample we used the summary
table of Burgasser et al. (2007)1 to which we added other binaries from the literature and from our
own proprietary Keck LGS AO data in hand at the time. From this whole sample of binaries, we
selected only those with estimated periods that suggested &30% of their orbit could be complete by
2010. We computed these initial period estimates using the estimated total mass from the literature
and a range of semimajor axes corresponding to the projected separation at discovery (e.g., Torres
1999; Dupuy & Liu 2011), where we adopted the 1σ minimum period for our estimates.
In Table 1 we list all 33 binaries in our Keck+CFHT astrometric monitoring sample, along with
three other binaries that have published orbit and parallax measurements. We began obtaining
resolved Keck AO astrometry in 2007–2008, and we combined our new astrometry with available
data in the literature or public archives (e.g., HST and Gemini) to refine our orbital period estimates
and thereby our prioritizaton for Keck observations. As described in Dupuy et al. (2011), we
performed a Monte Carlo analysis of this multi-epoch data that provided period estimates based
on actual orbital motion, not simply projected separations. We subsequently deprioritized Keck
observations of the systems with longer expected periods, focusing our observational efforts on
the shorter-period systems. We did occasionally obtain Keck astrometry for the systems with the
longest expected periods in our sample.
For most of the binaries in our sample, we began integrated-light astrometric monitoring
with CFHT in the second half of 2007 or in 2008 and continued collecting data until parallaxes
were determined. We did not include in our CFHT program the three binaries with Hipparcos
parallaxes (Gl 417BC, HD 130948BC, Gl 569Bab), but we did include other systems with published
parallaxes at the time (11 binaries) in order to improve the distance accuracy. Indeed, for seven
of these binaries we reduce the uncertainty by a factor of 1.9–6.7. Most of these initial parallax
determinations were reported in Dupuy & Liu (2012). We have continued monitoring this sample
with CFHT up to the present in order to place constraints on photocenter motion and thereby the
binary mass ratios.
Our orbit sample selection is essentially based on spectral type and projected separation, but
for some purposes, like studies of the eccentricity distribution (e.g., Dupuy & Liu 2011), it is
important to consider whether our target selection and prioritization has introduced biases in our
sample beyond those intrinsic to the population of ultracool binaries known in late 2007 and early
2008. Although our sample was initially defined in terms of the probability that a given binary would
yield an orbit determination by 2010, we can retroactively determine over what range of observable
1We note the following significant updates to Table 1 of Burgasser et al. (2007): 2MASS J0652307+471034AB is
listed as a 2.0 AU binary (Reid et al., in prep.), but Reid et al. (2006b), Konopacky et al. (2010), and Keck LGS AO
observations of our own confirm that it is single; SDSS J233558.51−001304.1AB is much more distant (160± 30 pc)
and thus wider (9.0 ± 1.7 AU) than previously estimated given that its spectral type is M7 (West et al. 2008) not
early- to mid-L.
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properties our sample is complete. To the best of our knowledge, our initial sample included all
observable binaries known at the time with integrated-light spectral types of M6.5–T5.5,2 projected
separations ≤6 AU at discovery, and distances .40 pc (based on the spectrophotometric distance
estimate in the absence of a parallax).3 2MASSI J1426316+155701AB is the only binary meeting
these criteria for which we never ultimately obtained any CFHT or Keck LGS AO data because
we de-prioritized it based on archival and published astrometry (Bouy et al. 2008) that showed
its projected separation had increased from 4.1 AU at discovery to 6.9 AU projected separation
by 2006 June. Although we have attempted to resolve 2MASSI J0856479+223518AB on multiple
occasions with Keck LGS AO, we have never been successful, so this binary does not appear in any
of the following discussion.
Practical observational considerations imposed some limitations on our sample that should not
correspond to any physically meaningful selection biases. The largest subset of targets meeting the
above criteria but excluded from our sample are those not accessible to Keck AO because they are
too far south: GJ 1001BC (L5; Golimowski et al. 2004), DENIS J035726.9−441730AB (L0; Bouy
et al. 2003; Gizis et al. 2003), SCR J1845−6357AB (M8.5; Biller et al. 2006),  Ind Bab (T2.5;
McCaughrean et al. 2004), and 2MASS J22551861−5713056AB (L6; Reid et al. 2008a). Another
practical limitation is that not all ultracool binaries have a nearby star bright enough for tip-tilt
correction as needed for LGS AO imaging at Keck (R . 18.5 mag within ≈65′′). This excluded DE-
NIS J100428.3−114648AB (M8), 2MASSW J1239272+551537AB (L5), and 2MASS J14304358+2915405AB
(L2). This tip-tilt star limitation also excluded three of the most promising T dwarf binaries,
SDSS J0423−0414AB (T0), SDSS J0926+5847AB (T4.5), and 2MASS J0518−2828AB (T1p), so
we conducted HST monitoring of these binaries instead.
Some of our sample binaries already have published orbital monitoring results, either from
our own work (Liu et al. 2008; Dupuy et al. 2009a,b,c, 2010; Dupuy & Liu 2011; Dupuy et al.
2014, 2015b) or from others (Lane et al. 2001; Zapatero Osorio et al. 2004; Simon et al. 2006;
Konopacky et al. 2010). In the following, we perform a complete, uniform analysis of all data on
these systems, even in cases where we have previously published results. 2MASS J0746+2000AB
had a published orbit (Bouy et al. 2004) before we began our observing program, and Konopacky
et al. (2010) provided significant additional astrometry and a refined orbit. We only obtained Keck
2Our spectral type cuts excluded the late type binaries 2MASSW J1225543−273947AB (T6) and
2MASS J15530228+1532369AB (T7). At earlier types, we excluded LSPM J1314+1320AB based on an estimated
spectral type of M6 from Law et al. (2006), but note that it has since been updated to M7 (Le´pine et al. 2009; Dupuy
et al. 2016). Other notable systems near the boundary of our spectral type cutoff and thus not included here are
L 726-8AB a.k.a. Gl 69AB (M5.5+M6; Geyer et al. 1988, Kirkpatrick et al. 1991), L 789-6ABC a.k.a. Gl 866ABC
(M5+M5.5:+M6.5:; Henry et al. 1994, Delfosse et al. 2000), and GJ 1245ABC (M5.5+M5.5+M6.5:; Kirkpatrick et al.
2012; Benedict et al. 2016).
3By focusing on nearby systems, the only binaries with projected separations ≤6 AU that we excluded were
2MASS J16000548+1708328AB (61 pc; Bouy et al. 2003) and binaries in Taurus and Upper Scorpius (Kraus et al.
2005, 2006). The most distant binary in our sample is LP 415-20AB at 39.7 ± 1.1 pc, and its original estimated
distance was actually 30± 5 pc (Siegler et al. 2003).
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astrometry for 2MASS J0746+2000AB at one epoch, but we have been monitoring its absolute
astrometry from CFHT since 2008. Therefore, we have re-analyzed published HST and Keck
data of 2MASS J0746+2000AB from public archives in order to include it in our sample of joint
Keck+CFHT orbital analysis. LHS 1070BC is the only other binary that would have been in our
sample if it did not have a previously published orbit (Leinert et al. 2001; Seifahrt et al. 2008;
Ko¨hler et al. 2012). Since the published orbit of LHS 1070BC is not based on Keck astrometry, and
we did not observe it as part of our CFHT astrometry program, we simply use the orbit parameters
quoted in the literature and perform no orbital analysis of our own. We also include the recently
published orbit for LSPM J1314+1320AB (Dupuy et al. 2016), which is based on the same orbital
analysis presented here. The  Ind Bab system is too far south to observe from Maunakea, but it
also has a published orbit determination from Cardoso et al. (2009), so we include the published
parameters in our discussion as well.
3. Observations
3.1. Relative Astrometry from High-Angular Resolution Observations
3.1.1. Keck/NIRC2 AO Imaging & Masking
We present here new Keck/NIRC2 AO imaging and non-redundant aperture masking observa-
tions, both in natural guide star and laser guide star modes, in addition to a re-analysis of our own
previously published data and publicly available archival data for our sample binaries. Our ap-
proach for reducing NIRC2 imaging and obtaining the binary parameters separation, position angle
(PA), and flux ratio is well established in our previous work (Liu et al. 2006, 2008; Dupuy et al.
2009a,b,c, 2010, 2015a). Briefly, we apply standard calibrations (dark subtraction, flat fielding) and
then fit an analytic, three-component Gaussian model to each point source in the images. In cases
where the binary components are spatially well separated, we perform PSF-fitting using StarFinder
(Diolaiti et al. 2000). In other cases where a third, unsaturated star is in the field (e.g, Gl 569A
and Gl 569Bab), we use the third single star as an empirical PSF to fit the binary. Analysis of our
NIRC2 masking data was performed using a pipeline similar to previous papers (e.g., Ireland et al.
2008; Ireland & Kraus 2008) and is described in detail in Section 2.2 of Dupuy et al. (2009c). For
NIRC2 narrow camera images obtained before 2015 April 13 UT, we use the astrometric solution
of Yelda et al. (2010) to correct our measured (x, y) image coordinates for nonlinear optical distor-
tion, using their derived pixel scale of 9.952 ± 0.002 mas pixel−1 and +0.◦252 ± 0.◦0.009 correction
for the orientation given in the NIRC2 image headers. For narrow camera imaging obtained after
2015 April 13 UT, we use an updated distortion solution from Service et al. (2016) that accounts
for the first ever realignment of the AO system. The post-realignment pixel scale and orientation
are 9.971± 0.004 mas pixel−1 and +0.◦262± 0.◦0.020, respectively. For NIRC2 wide camera images,
which represent a very small subset of our observations, we used the distortion solution of Fu et
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al. (2012, priv. comm.)4 that assumes a pixel scale of 39.686 mas pixel−1 and the Yelda et al. PA
offset of +0.◦252.
We have made some small improvements to our astrometric analysis compared to our previous
work, as described in Dupuy et al. (2016). For data obtained in vertical angle mode, where the sky
rotation of the images relative to the detector axes is constantly changing, we corrected the rotator
angles reported in the header to correspond to the midpoint instead of the start of the exposure.
We also apply corrections for differential aberration and atmospheric refraction. The refraction
correction requires knowledge of the air temperature, pressure, and humidity on Maunakea during
our observations, for which we used the weather data archived by CFHT.5 We generally adopt
errors that are the rms of measurements from individual dithers at a given epoch. In some cases
where we have previously published astrometry we instead use estimates of errors from Monte Carlo
simulations of fitting artificial binaries.
Table 2 gives our measured astrometry and flux ratios for all Keck AO data used in our orbital
analysis. In total there are 339 distinct measurements (unique bandpass and epoch for a given tar-
get), where 302 of these are direct imaging and 37 are non-redundant aperture masking. The median
Keck separation error is 0.6 mas with 90% of measurements having errors between 0.06–1.9 mas.
The median PA error is 0.◦3 with 90% of measurement errors between 0.◦02 and 1.◦3. (We caution
that there are possible systematic effects, e.g., uncertainty in the distortion solution and tip-tilt
jitter, that are difficult to quantify and may impact the few measurements with astrometric errors
well below 0.1 mas. The fact that none of these data points show up as outliers in our orbit fitting
analysis described later could be due to the fact that not all phases of all orbits are overconstrained
by numerous degrees of freedom.) Eight of the imaging measurements are from six unpublished
archival data sets. For HD 130948BC we used data sets from 2005 Feb 25 UT (PI Prato) and
2011 Mar 25 UT (PI Bowler). For Gl 569Bab we used data sets from 2003 Apr 15 UT (PI Simon),
2004 Aug 10 UT (PI Kulkarni), and 2011 Mar 25 UT (PI Bowler). For LSPM J1735+2634AB we
used a JHK data set from 2007 Aug 1 UT (PI N. Law). Fourteen other measurements are from our
re-analysis of ten previously published data sets in the archive: LP 349-25, 2MASS J0920+3517AB,
2MASS J0746+2000AB, HD 130948BC, 2MASS J1847+5522AB, and 2MASS J2206−2047AB (PI
Ghez; Konopacky et al. 2010) and SDSS J2052−1609AB (PI C. Gelino; Bardalez Gagliuffi et al.
2015).
4http://astro.physics.uiowa.edu/~fu/idl/nirc2wide/
5http://mkwc.ifa.hawaii.edu/archive/wx/cfht/
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3.1.2. HST/ACS-WFC Monitoring
In addition to our Keck AO monitoring, we also obtained data for three T dwarf binaries
lacking suitable LGS tip-tilt stars over a 3-year HST program6 using the Advanced Camera for
Surveys (ACS) Wide Field Camera (WFC). ACS-WFC has a pixel scale of ≈50 mas, and we used
the F814W bandpass for all of our observations to optimize between S/N and angular resolution.
SDSS J0423−0414AB (T0) and SDSS J0926+5847AB (T4.5) were both resolved in all of our
images. 2MASS J0518−2828AB (T1p) was not resolved in any of our six observations spanning
2009 Dec 11 UT to 2012 Oct 27 UT. Based on simulations we performed for our observation
proposal, we expected to readily resolve 2MASS J0518−2828AB if it was at a similar separation as
its discovery (51 mas; Burgasser et al. 2006b). Given that the flux ratio of 2MASS J0518−2828AB
in the F814W band is unknown (and difficult to extrapolate from the available infrared data), and a
larger flux ratio of ≈2 mag could make it quite difficult to clearly resolve, we conservatively estimate
an upper limit of <50 mas on the putative companion’s separation during our observations.
For the resolved binaries, we performed PSF fitting of our ACS-WFC images in a similar
manner to our previous work on data from other HST cameras (e.g., Liu et al. 2008; Dupuy et al.
2009a,b). We used TinyTim (Krist et al. 2011) to generate a PSF model for each pipeline reduced
(flt) FITS image that we downloaded from the HST archive. The only inputs to this model are
the target’s position on the detector and a template spectrum of comparable spectral type to the
target. For the latter, we used optical-to-infrared spectra from Geballe et al. (2002), adopting the
integrated-light spectrum of SDSS J0423−0414AB7 for each of its components and the spectrum of
2MASS J0559−14048 for the components of SDSS J0926+5847AB. To test the impact of assuming
the same spectrum for each component, we also tried L5 and T5 templates for both components
of SDSS J0423−0414AB and found the astrometry changed by <0.6 mas (<1σ). We use the same
PSF model for both components and shift, scale, and add them to each other to create a model
binary image. We used the amoeba function in IDL, based the routine from Press et al. (1992), to
find the best-fit parameters for the binary model: position and flux of the primary (x0, y0, f0) and
the binary separation, PA, and flux ratio. We used the information contained in the FITS files to
correct our fitted (x, y) positions on the detector to sky coordinates. This accounts for detector
defects from the D2IMARR FITS extension, a polynomial distortion correction contained in FITS
header keywords, and non-polynomial distortion corrections from the WCSDVARR FITS extension
(Kozhurina-Platais et al. 2015). We then applied the CD matrix in the FITS header and a tangent
projection to convert the corrected x and y values to RA and Dec.
Table 3 reports the mean and rms of our best-fit binary parameters derived from the individual
dithered ACS-WFC images for SDSS J0926+5847AB. While the first five observations show the
6Programs GO-11593, GO-12317, and GO-12661 (PI Dupuy).
7http://staff.gemini.edu/~sleggett/spectra/T0_SDSS0423-04.txt
8http://staff.gemini.edu/~sleggett/spectra/T4.5_2MASS0559-14.txt
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binary moving outward and then inward slightly (67 mas to 73 mas to 63 mas), at the final epoch it
had moved in significantly and was only marginally resolved. Over the first five epochs we measured
flux ratios consistent with being constant at ∆F814W = 0.560 ± 0.024 mag. We therefore fixed
the flux ratio to be 0.56 mag in our fitting of the final imaging observations, giving a separation of
33± 5 mas and a very uncertain PA of 283± 30◦. We note that there is nominally an ambiguity in
this measured PA, typical for marginally resolved binaries, such that it could be 103± 30◦ instead.
However, 283± 30◦ is in better agreement with the orbit fit, so we adopt this value.
At separations of 104–151 mas, SDSS J0423−0414AB was much wider in our ACS-WFC imag-
ing than SDSS J0926+5847AB. We found that using the rms of our SDSS J0423−0414AB measure-
ments as the uncertainties produced a somewhat high χ2 for the final orbit fit, implying that the
rms does not fully capture all systematic errors for this well resolved binary. We therefore examined
the rms about the orbit fit of our ACS-WFC data and used this as the common uncertainty in
separation (0.6 mas) and PA (0.7◦) for all epochs of SDSS J0423−0414AB imaging. The F814W
flux ratio we measured across multiple epochs shows some variation within the rms errors, but it
would be consistent with being constant if there are 0.05 mag systematic errors in our measured
SDSS J0423−0414AB flux ratios.
3.1.3. Other Published & Archival HST Imaging
Many of our sample binaries have HST imaging data in the public archive. These are often
the observations that discovered the binaries initially, providing the first epoch of astrometry that
we use in our orbit fits. As in our previous work, we have re-analyzed the available archival data
using our own TinyTim PSF-fitting routine as described in Section 3.1.2. These data come from
the WFPC2 Planetary Camera (WFPC2-PC1), ACS High Resolution Channel (ACS-HRC), and
NICMOS Camera 1 (NICMOS-NIC1). For all three of these cameras, numerous images of single
ultracool dwarfs are also available in the archive from various imaging surveys. We collected these
images to make a library of observed single PSFs for each relevant camera and filter combination and
used them to perform Monte Carlo simulations of our PSF fitting. For a given binary observation,
we replicated the binary properties as closely as possible to the actual fractional pixel separation in
x and y by co-adding two different library PSFs centered at different subpixel locations, and scaling
the two PSFs to match the flux ratio and S/N of the actual binary data. We ran 100 simulations
for each observation, applied the mean systematic offset as a correction to our measurement, and
used the rms as the error.
Table 3 gives the resulting binary parameters from our analysis of archival WFPC2-PC1,
ACS-HRC, and NICMOS-NIC1 imaging. WFPC2-PC1 data come from programs GO-6345 (PI
Kirkpatrick), GO-8146 (PI Reid), GO-8581 (PI Reid), GO-8563 (PI Kirkpatrick), GO-8720 (PI
Brandner), GO-9157 (PI Mart´ın), GO-9345 (PI Mart´ın), and GO-9968 (PI Mart´ın). ACS-HRC
data come from programs GO-9451 (PI Brandner) and GO-10559 (PI Bouy). NICMOS-NIC1
data come from programs GO-7952 (PI Mart´ın), GO-9833 (PI Burgasser), GO-9843 (PI Gizis),
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GO-10143 (PI Reid), and GO-11136 (PI Liu).
3.2. Absolute Astrometry from CFHT/WIRCam
We obtained high-precision unresolved astrometry of our sample to determine parallaxes,
proper motions, and to constrain the photocenter motion due to the binary orbits. We present
here an updated analysis of our data from the Hawaii Infrared Parallax Program that uses the
CFHT facility infrared camera WIRCam (Puget et al. 2004). Our observing strategy and custom
astrometry pipeline are described in detail in Dupuy & Liu (2012). Briefly, for a given target we
obtain data sets on multiple nights each season, with each data set typically comprising 20–30
dithered frames in J band, or in a narrow K-band filter (KH2) if the target would saturate in J .
Queue observing constraints at CFHT are used to require good seeing and that all J-band observa-
tions occur near transit, i.e., at similar airmass, to guard against systematic astrometric errors due
to differential chromatic refraction (DCR). We measure Gaussian-windowed centroids by running
sextractor v2.19.5 (Bertin & Arnouts 1996) on the detrended images provided by CFHT. We
cross-match detections at a given epoch, using our custom distortion solution and simple linear
transformations, and adopt the standard error on the mean as the astrometric measurement error
for any given star at each epoch. We then solve for the linear transformations between epochs,
iteratively solving for and masking high proper motion and/or parallax sources. We finally cross-
match to an astrometric reference catalog (2MASS or SDSS-DR9) to provide absolute calibration
of the linear terms and then solve for the proper motion and parallax of every star in the field.
Unlike our previous work, we do not use a stand-alone analysis of our CFHT data to compute
the parallax and proper motion of our target binaries. This approach was used by Dupuy & Liu
(2012), where we then applied evolutionary model-based corrections to account for the expected
orbital motion in the CFHT photocenter. As we have continued monitoring our sample binaries
from 2007 or 2008 up to the present, we now have data spanning a much longer fraction of many of
our targets’ orbital periods. It therefore becomes even more important to freely fit for photocenter
motion (as described in Section 4), without imposing assumptions about mass–magnitude relations
from evolutionary models or potentially unresolved multiplicity. Indeed, the fact that we are
now in a position to detect significant photocenter motion allows us to place strong empirical
constraints on the relationship between mass and magnitude, as we have recently demonstrated
with SDSS J1052+4422AB (Dupuy et al. 2015b), and possibly detect higher-order multiplicity.
We have also made some small changes to improve the performance of our pipeline compared to
Dupuy & Liu (2012), such as using the mean instead of the median measured position of a given
source at each epoch. In addition, when computing the correction from relative to absolute parallax
and proper motion using the Besanc¸on model of the Galaxy (Robin et al. 2003), we now exclude
model stars with proper motions larger than the cutoff value we use in our iterative solution of the
epoch-to-epoch linear terms.
Table 4 gives all of the absolute astrometry from CFHT for the sample of binaries for which we
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have orbit-monitoring data from Keck and HST. Many of these CFHT observations were originally
published in Dupuy & Liu (2012), but the data presented here are nonetheless distinct from what
was published previously since we no longer attempt to remove any photocenter motion from the
reported absolute astrometry.
4. Joint Orbit & Parallax Analysis
We performed a Markov Chain Monte Carlo (MCMC) analysis to simultaneously fit a rela-
tive orbital solution and an absolute astrometric solution to our resolved (Keck, HST, etc.) and
unresolved (CFHT) astrometry, respectively. This joint fitting approach was originally motivated
by binaries that show significant photocenter motion in our CFHT data. However, this approach
also has the advantage of appropriately marginalizing over the uncertainty in CFHT photocenter
motion when determining parallaxes and proper motions. Fitting for photocenter motion, even if
it ends up being consistent with zero, also allows us to constrain mass ratios given that we have
independently measured flux ratios. For example, most binaries in our sample have flux ratios near
unity, so if their mass ratios are not near unity due to unresolved triple components, then they
would display photocenter motion commensurate with the amount of unresolved mass present.
Our joint orbit and parallax MCMC analysis method is similar to our previous work on
SDSS J1052+4422AB (Dupuy et al. 2015b). Six orbital parameters are shared in common be-
tween the resolved and absolute astrometric solutions: period (P ), eccentricity (e), inclination (i),
PA of the ascending node (Ω), argument of periastron (ω), and mean longitude at the reference
epoch (λref).
9 The reference epoch (tref) is defined to be 2010 January 1 00:00 UT (2455197.5 JD)
and is related to the time of periastron passage T0 = tref − P λref−ω360◦ . For the resolved orbit we
fit for the total semimajor axis (a = a1 + a2, where a1 and a2 are the semimajor axes of the
primary and secondary components about the system barycenter). For the unresolved orbit we
fit for a photocenter semimajor axis aphot. For the absolute astrometry we also fit for the usual
five parameters of parallax (pi), position in RA (α) and Dec (δ) at a reference epoch, which we
choose to be the same as tref above, and proper motion in RA (µα∗ ≡ µα cos δ) and Dec (µδ). For
a circular orbit the parameter ω has no physical meaning. Therefore, in order to allow our MCMC
to robustly explore parameter space for nearly circular orbits we chose to step in ω+ Ω and ω−Ω.
Our priors are uniform in e, ω, Ω, λref , and the ratio of aphot/a. We adopt log-flat priors in P and
a by multiplying likelihoods by 1/P and 1/a. We allow for inclinations to be randomly distributed
in space by multiplying likelihoods by sin(i). Our prior on parallax assumes a uniform density in
space volume, and thus we multiply our likelihood by 1/pi2.
9Here, in the absence of radial velocity information, there is a 180◦ ambiguity in Ω, and consequently ω and λref ,
such that one of Ω or Ω + 180◦ is actually the ascending node while the other is the descending node. Therefore, we
follow the standard convention that 0◦ ≤ Ω ≤ 180◦. If future radial velocities show that Ω + 180◦ is actually the
ascending node then 180◦ should be added to our reported values of Ω, ω, and λref .
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To determine the starting point of our chains, we made an initial estimate of the best-fit
parameters. For the relative orbit parameters, we performed a grid search over the parameters P ,
e, and T0. Once these three parameters are specified, then the eccentric anomaly can be computed
and the best-fit orbit can be directly analytically determined, as described in detail by Lucy (2014).
We searched across 104 randomly drawn values between 0 ≤ e < 1, 0 ≤ T0/P < 1, and log(P )
initially from 103 to 106 days. At subsequent iterations we refined the range of P to center on
the best-fit orbital period from the previous trials. After three iterations, we passed the single set
of orbit parameters with the lowest χ2 to our custom least-squares minimization routine for orbit
fitting (Dupuy et al. 2010), which is based on the MPFIT package in IDL (Markwardt 2009), in
order to optimize our starting position for the MCMC. For the parallax parameters, including the
photocenter orbit size aphot, we used the same method as described in Section 2.4.1 of Dupuy &
Liu (2012) to find the best-fit values. Briefly, we used our best-fit orbit parameters, the binary
flux ratio for the CFHT bandpass (either J or K band), and an estimated mass ratio from Cond
evolutionary models (Baraffe et al. 2003). Combining the flux ratio and mass ratio gives the scale
factor by which to multiply a in order to derive aphot. We then subtract the estimated photocenter
orbit offsets from the CFHT astrometry and find the best-fit parallax, proper motion, and RA and
Dec.
We used the Python implementation of the Goodman & Weare (2010) affine-invariant ensem-
ble sampler emcee v2.1.0 (Foreman-Mackey et al. 2013) to perform our MCMC analysis. We
initialized 103 walkers with our best-fit parameters after adding a small amount of Gaussian noise
having standard deviations of P × 10−4 in P ; a × 10−4 in a; 10−4 in e; 10−4 radians in i, ω − Ω,
ω + Ω, and λref ; 10
−6 degrees in RA and Dec; 10−8 degrees yr−1 in RA and Dec proper motion;
pi× 10−3 in pi; and 10−3 in aphot/a. We allowed our 103 walkers to run for 105 steps, saving results
every 500 steps. After removing the first 50% of the chains as burn-in, our final chains possess a
total of 1.0× 105 values for each parameter.
Our CFHT astrometry gives a measurement of the parallax and proper motion relative to the
grid of reference stars. In order to determine distances and absolute proper motions, we estimate
the parallax and proper motion of our reference grids using the Besanc¸on model of the Galaxy
(Robin et al. 2003)10 in a similar fashion to our previous work (Dupuy & Liu 2012; Dupuy et al.
2015b). The only change we have adopted here is to exclude Besanc¸on model stars with large proper
motions and parallaxes. This accounts for the fact that our astrometric pipeline always excludes
such stars from our reference grid, using cuts of 10 mas in parallax and 30 mas yr−1 in proper motion.
Therefore, our relative-to-absolute corrections reported here are slightly smaller in amplitude than
our past work. For example, in Dupuy et al. (2015b) we derived corrections of ∆pi = 1.7± 0.3 mas,
∆µα∗ = −6±3 mas yr−1, and ∆µδ = −7±3 mas yr−1 for SDSS J1052+4422AB, but here we derive
1.33+0.13−0.16 mas, −3.0 ± 1.4 mas yr−1, and −4.2 ± 1.2 mas yr−1, respectively. This results in a <0.5σ
change in our absolute parallax for SDSS J1052+4422AB (38.4± 0.7 mas previously, 38.1± 0.6 mas
10http://model.obs-besancon.fr/
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here).
Tables 5–35 present for each binary the median, best-fit, and 1σ and 2σ credible intervals
for the 13 parameters in our joint orbit and parallax analysis. These tables also report various
properties of interest that can be derived from our fitted parameters, such as T0, distance (d),
and semimajor axis in AU. We also report the total system mass for each binary, Mtot/MJup =
1047.93 × (a/AU)3(P/yr)−2, both with and without including the uncertainty in the parallax so
that future improvements in distances for our sample binaries can be easily adapted into improved
masses. Table 36 gives the χ2 values of the best-fit solutions as well as the final mean acceptance
fraction for each MCMC chain. Figure 1 shows all of the relative and absolute astrometry used in
our joint orbit/parallax analysis for each binary along with the resulting astrometric solution, and
Figure 2 shows the resulting posterior distributions from our MCMC analysis.
4.1. Assessing Reliability of Orbit Determinations
Although we have applied our MCMC analysis to all of our astrometric data, not all binaries
will have orbit determinations sufficiently reliable for astrophysical use. The primary quality metric
for assessing our orbit fits should be the precision with which they constrain the system mass, as
very large mass uncertainties will be of little use for constraining models in the following analysis. In
addition, if orbital parameters are poorly determined, then the resulting posteriors will be strongly
influenced by our adopted priors. While we have attempted to choose priors that are as uninformed
as possible, we should not rely on them to constrain physical parameters (P , a, e) that are not
sufficiently constrained by our data. Finally, some of our orbit determinations indicate that our
observations span only a small fraction of the full orbital period. Therefore, we also consider this
as a possible indicator of whether our data has provided reliable constraints on orbital parameters.
Table 37 provides a summary of the orbit quality metrics that we use to assess the reliability of
our orbit fits. The metrics δ logMtot and δe are computed as the difference between the maximum
and minimum credible interval (1σ) of the total mass at fixed distance and eccentricity, respectively,
and the metric ∆tobs/P is the fraction of the orbital period (median of the posterior) covered by our
resolved astrometry. We now consider our orbit fits, beginning with the apparently least reliable,
and moving toward binaries with better reliability metrics until we finally determine which orbits
to carry forward in our analysis.
SDSS J0926+5847AB has the worst mass precision (δ logMtot = 0.38 dex) and eccentricity
constraint (δe = 0.38). Even though it has a good time baseline (∆tobs/P = 0.68), the ac-
tual coverage of the orbit on the sky is poor, partly due to the fact that is seen nearly edge on
(i = 91.7+0.6−0.8
◦). The next worse mass precisions are ∆ logMtot = 0.23 dex for SDSS J2052−1609AB
and 0.20 dex for 2MASS J1750+4424AB. The latter has the smallest time baseline of any bi-
nary here (∆tobs/P = 0.04) owing to its very long, quite uncertain orbital period (210
+40
−60 yr),
although it only has a modestly large δe = 0.15. SDSS J2052−1609AB has a better time base-
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line (∆tobs/P = 0.19) but a poorly constrained eccentricity (δe = 0.21). 2MASS J0850+1057AB
has relatively poor mass precision (∆ logMtot = 0.12 dex) as well as a poorly constrained ec-
centricity (δe = 0.11) despite a marginally acceptable time baseline (∆tobs/P = 0.31). All of
the above orbits we do not consider sufficiently reliable to be used in the following analysis.
SDSS J1534+1615AB and SDSS J1021−0304AB nominally have much better mass precision than
any of the above (δ logMtot = 0.09 dex and 0.06 dex, respectively). However, both have poor
time baselines with ∆tobs/P = 0.17 and 0.10, respectively, and poorly constrained eccentricities
with δe = 0.43 and 0.14, respectively. (For reference, our input prior on eccentricity alone would
correspond to δe = 0.68.) We therefore also chose not to use these orbits.
DENIS J1228−1557AB and 2MASS J1847+5522AB are both marginal cases. DENIS J1228−1557AB
has a modestly large mass error (δ logMtot = 0.12 dex) but a better constrained eccentricity (δe =
0.06) and longer observational baseline (∆tobs/P = 0.29). On the other hand, 2MASS J1847+5522AB
has good mass precision (δ logMtot = 0.035 dex) but a poorly constrained eccentricity (δe = 0.14)
and an observational baseline of only ∆tobs/P = 0.22. We conservatively choose to place our cut-
offs in orbit quality metrics to exclude these two marginal cases. The next worse mass precision in
our sample is LP 415-20AB (δ logMtot = 0.06 dex), but it appears to have a reliably determined
orbit, with δe = 0.023 and most of the orbital period covered by observations (∆tobs/P = 0.67).
The worst eccentricity constraint for any of the remaining binaries is for 2MASS J1728+3948AB
(δe = 0.028), but it has much better mass precision (δ logMtot = 0.0089 dex) and better orbital
coverage (∆tobs/P = 0.34) compared to our excluded orbits. LSPM J1735+2634AB has the worst
orbital coverage of our remaining sample (∆tobs/P = 0.29), but its orbit is very well determined
(δ logMtot = 0.0017 dex, δe = 0.0075) thanks to our observations serendipitously bracketing its
periastron passage.
In summary, we do not use the orbit determinations for 2MASS J0850+1057AB, SDSS J0926+5847AB,
DENIS J1228−1557AB, 2MASS J1750+4424AB, 2MASS J1847+5522AB, and SDSS J2052−1609AB
in our following analysis. The basis for their exclusion is poor mass precision, poor observational
coverage of the orbit, and/or poorly constrained eccentricity that could make our results overly de-
pendent on our uniform eccentricity prior. The remaining sample comprises 23 binaries with orbit
quality metrics ranging from δ logMtot = 0.0017–0.06 dex, δe = 0.0007–0.028, and ∆tobs/P = 0.29–
5.01.
4.2. Comparison to Published Orbits
Some of the binaries in our sample have published orbital parameter determinations, either
from work of our own or others. By far, the largest overlap of our 31-binary sample is with 14
binaries from Konopacky et al. (2010), followed closely by our own work (13 binaries). In most
of these overlapping cases, our new orbit determinations agree with and improve upon previously
published work as expected given our longer time baseline and more numerous epochs. For example,
compared to Konopacky et al. (2010) our orbital period uncertainties are much smaller, with a
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median difference in errors of a factor of 7. We now discuss the cases where our new results
for astrophysical parameters (i.e., mass, period, and eccentricity but not viewing angles) differ
significantly (&2σ) from published work.
Gl 569Bab has had a number of published orbit determinations, and despite being a very
well studied system the reported semimajor axes of the orbit have varied significantly compared
to the reported errors. As discussed in Section 3.1 of Dupuy et al. (2010), this is likely mostly
due to astrometric calibration issues in data sets that used an early generation of cameras behind
the Keck AO system (KCAM and SCAM; Lane et al. 2001) that we did not use here or in our
previous work. Our analysis here uses some archival NIRC2 imaging not included in our previous
work, which improves the coverage of this short period orbit (P = 2.3707± 0.0005 yr), and results
in a semimajor axis of 93.64 ± 0.14 mas. This sits in between values derived in our prior work
(95.6+1.1−1.0 mas Dupuy et al. 2010) and values published by others that largely relied on KCAM and
SCAM data: 91.8± 1.0 mas (Zapatero Osorio et al. 2004), 90.4± 0.7 mas (Simon et al. 2006), and
90.8 ± 0.8 mas (Konopacky et al. 2010). In spite of these different semimajor axes, the dynamical
total mass (138 ± 7MJup here) varies by <1σ because the error is dominated by the Hipparcos
parallax uncertainty (σpi/pi = 0.016) not our semimajor axis measurement (σa/a = 0.0016). The
improved precision of of our new orbit fit is due to more measurements (19 from astrometrically
well calibrated Keck/NIRC2 or HST imaging) that now span 11.87 yr (i.e., 5.006 orbital periods).
HD 130948BC has a very well determined orbit, so small differences in orbital parameters are
more statistically significant. In our most recent previous analysis we found e = 0.176 ± 0.006
(Dupuy & Liu 2011) compared to 0.1627 ± 0.0017 here, a 2.1σ difference. This difference is not
astrophysically significant, and perhaps it is simply a statistical fluctuation due to the significant
improvement in other orbital parameters (e.g., both a and P are improved by nearly a factor of
20 compared to our original orbit in Dupuy et al. 2009b). Both our current and past values are
consistent at <2σ with the eccentricity of 0.16± 0.01 from Konopacky et al. (2010).
Our orbit for LP 415-20AB agrees with our previous work but disagrees somewhat with the
analysis of Konopacky et al. (2010). This is discussed in detail in Section 2 of Dupuy & Liu (2011)
as likely being jointly due to the small number of degrees of freedom in the Konopacky et al.
(2010) analysis (1 dof) and one of their measurements being a significant outlier with respect to
the rest of the available data. Compared to their orbital parameters, our period of 14.82± 0.24 yr
is longer (compared to 11.5 ± 1.2 yr), our semimajor axis of 96.5+1.1−1.4 mas is smaller (compared to
108± 24 mas), and our eccentricity of 0.706+0.011−0.012 is smaller (compared to 0.9± 0.1). Our inferred
total dynamical mass is quite discrepant from that of Konopacky et al. (2010), given that their fitted
distance of 21± 5 pc (derived by combining astrometry and radial velocities) is 2.7σ different from
our parallactic distance of 38.6±1.1 pc. This is likely due both to our different orbit determinations
and the fact that their radial velocity measurement (∆RV = −0.7± 1.4 km s−1) disagrees with the
prediction from our relative orbit (∆RV = −2.96± 0.16 km s−1). With 12 measurements spanning
9.97 yr, our new orbit fit has many more degrees of freedom (17 dof) for the relative orbit fit than
previous work, making the resulting orbit parameters more robust and more precise by a factor of
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5–17.
Our orbit for 2MASS J1534−2952AB agrees well with Konopacky et al. (2010) but disagrees
with Liu et al. (2008). The cause of the discrepancy with Liu et al. (2008) is the choice of eccentricity
prior. In that work we adopted a prior of p(e) = e, which deweights smaller eccentricities and rules
out circular orbits entirely, whereas we adopt here a more conservative uniform prior p(e) = 1.
Our eccentricity posterior here piles up at zero with a 2σ interval of e = 0.000–0.014, and a and
P are both correlated with e in the sense that larger e corresponds to smaller a and P . According
to Figure 6 of Liu et al. (2008), that posterior distribution of P as e approaches zero would agree
with our orbital period of P = 20.29 ± 0.07 yr. According to Figure 8 of Liu et al. (2008), our
values of P and a = 213.7± 0.5 mas agree well with that P–a posterior distribution in spite of the
difference in eccentricity priors. However, both Liu et al. (2008) and Konopacky et al. (2010) used
the parallax of 73.6 ± 1.2 mas from Tinney et al. (2003) to convert their angular semimajor axes
into physical units and thereby compute dynamical masses. As we discuss in Appendix B.17, our
parallax of 63.0± 1.1 mas leads to very different dynamical masses than in previous work.
2MASS J2206−2047AB also has an eccentricity posterior that piles up at zero, which differs
from the results of our previous work on this system. In Dupuy et al. (2009a) we used a prior
of p(e) = e that suppressed low eccentricity orbit solutions and resulted in e = 0.25 ± 0.08. Our
new posterior has a 2σ interval of e = 0.000–0.027. As a result of this difference, Dupuy et al.
(2009a) found very different values for semimajor axis and period (a = 213+24−18 mas, P = 35
+6
−5 yr)
compared to our new analysis (a = 167.7 ± 0.5 mas, P = 23.96+0.23−0.21 yr). However, thanks to the
strong correlation between a and P , our new values follow the posterior distribution of Dupuy et al.
(2009a) as shown in their Figure 6. Therefore, the resulting total dynamical mass was 184±4MJup
from Dupuy et al. (2009a) but is 188.3+2.9−3.1MJup here (assuming a fixed distance of 28.0 pc for the
purpose of this comparison). Therefore, the choice of eccentricity prior does not change the best-fit
total mass, although it would have affected the uncertainty in the mass, where the uniform e prior
used here is more conservative.
SDSS J2052−1609AB has a preliminary orbit determination from Bardalez Gagliuffi et al.
(2015) based on combining their data with published astrometry from Stumpf et al. (2011) and
3 epochs of our data retrieved from the NIRC2 archive. Their posterior eccentricity distribution
(e = 0.014+0.023−0.010) is significantly different from what we find in our analysis (e = 0.20
+0.09
−0.11, with a
2σ interval of 0.08–0.50). Their quoted uncertainties in other parameters are also generally much
smaller than ours, e.g., they find Mtot = 86.2
+3.9
−1.8MJup while we find Mtot = 69
+14
−20MJup, despite
our analysis using more data over a longer time baseline. We also performed a cursory analysis of
their astrometry using our MCMC fitter and were unable to reproduce their posterior distributions.
Therefore, we speculate that the difference in our results is most likely due to differing MCMC anal-
ysis methods. They report that acceptance fractions for their single Metropolis-Hastings sampled
chain were typically 0.5%–1%, whereas our analysis using the affine-invariant sampler of emcee
had much higher acceptance fractions of 8.7% (Table 36). Their MCMC also included distance as
an eighth parameter in addition to the seven orbit parameters that are constrained by the relative
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astrometry. Since distance is not constrained by the relative astrometry, it appears that its use as a
parameter was intended to marginalize over the uncertainty in the Dupuy & Liu (2012) parallax. It
is therefore curious that the posterior distribution on distance from Bardalez Gagliuffi et al. (2015)
had smaller errors (30.7+0.2−0.4 pc) than the input parallactic distance of 29.5± 0.7 pc. Regardless, it
is not clear how this would explain the small uncertainties on the orbital parameters or why their
MCMC analysis apparently avoided the part of parameter space preferred by our emcee analysis.
Our new orbit fit is based on 8 epochs, rather than 6 epochs, spanning 8.58 yr instead of 4.55 yr, in
addition to the fact that our joint Keck+CFHT analysis properly marginalizes over the uncertainty
in orbital photocenter motion when determining the parallax. Therefore, we conservatively choose
to use our own orbit fitting results in the following analysis.
Kelu-1AB has an unrefereed orbit determination by Stumpf et al. (2008) based on 9 epochs
of astrometry spanning 2.84 yr. Our orbit based on 13 epochs spanning 16.66 yr agrees at .1σ
with their eccentricity (e = 0.82± 0.10) but not their semimajor axis (a = 339+129−66 mas) or orbital
period (P = 38+8−6 yr). We find a = 227.9
+0.9
−1.1 mas and P = 24.98 ± 0.19 yr. Assuming a fixed
distance of 20.8 pc for both orbits, we find a total mass of Mtot = 180.1 ± 1.1MJup compared to
their Mtot = 244
+156
−76 MJup that agrees within 1σ because of their large uncertainties.
4.3. Comparison to Published Parallaxes
In Table 38 we provide a comparison of the parallaxes we measure here with other values
in the literature, including our own past work (Dupuy & Liu 2012; Dupuy et al. 2015b). Our
previously published parallaxes are not statistically independent of the values given here, but they
were derived from somewhat different analysis methods. Namely, in Dupuy & Liu (2012) we did
not marginalize over the uncertainty in the orbital parameters or mass ratio in the same way as
we have done here, and we used a slightly different method for computing the correction from
relative to absolute parallax. It is therefore not surprising that one of the largest discrepancies
is for 2MASS J0920+3517AB (2.0σ different from our published parallax), because we previously
assumed a model-based mass ratio estimated from the measured flux ratio, but as we discuss in
Section 7 and Appendix B.7 this system is likely a hierarchical triple where the fainter component
is actually much more massive than the brighter component. The only other &2σ difference is for
2MASS J1728+3948AB, where our new data spans 9.1 yr (instead of 3.3 yr) and with somewhat
better parallax phase coverage resulting in a parallax that is 6% (2.5σ) smaller, and we suggest
this is likely a natural statistical variation given the new better constraints on proper motion in
both RA and Dec (the parallax amplitude in Dec is almost as large as RA for this object).
Among other literature parallaxes, the largest discrepancy is for 2MASS J1534−2952AB (3.9σ).
As we have previously discussed in Dupuy & Liu (2012), this is likely due to the uncertainty in
the Tinney et al. (2003) value of 73.6 ± 1.2 mas being somewhat underestimated. Our value of
63.0 ± 1.1 mas significantly changes the inferred dynamical mass since Mtot ∝ d3, resulting in
a factor of 1.6 increase in mass. The next largest discrepancies are 1.3–1.9σ for LP 349-25AB,
– 18 –
SDSS J0423−0414AB, 2MASS J0700+3157AB, and 2MASS J0746+2000AB and the remaining
19 comparisons agree within ≤0.6σ. Two binaries have parallaxes in the literature more precise
than our CFHT values. Kelu-1AB has a parallax of 53.6 ± 2.0 mas from Dahn et al. (2002) and
51.75±1.16 mas from Weinberger et al. (2016) that are both more precise but likely less conservative
than our value of 49.8 ± 2.2 mas because we marginalize over photocenter orbital motion. All of
these values agree with each other at 0.8–1.3σ, but using the different parallaxes results in quite
different dynamical masses, and we therefore exclude Kelu-1AB from our further mass analysis
(see Appendix B.13 for a discussion). 2MASS J0746+2000AB has a remarkably precise parallax of
81.9±0.3 mas from the USNO optical program (Dahn et al. 2002). An updated USNO analysis that
accounts for the photocenter orbital motion of 2MASS J0746+2000AB (Harris et al. 2015) results
in a parallax of 81.24 ± 0.25 mas (H. Harris 2015, private communication). Given the longer time
baseline and higher precision of the USNO parallax, we use their value in our following analysis.
5. Empirically Determined Properties
5.1. Spectral Types & Magnitudes
Most binaries in our sample have spectral types derived through spectral decomposition from
Dupuy & Liu (2012), using integrated-light NIR spectra and resolved NIR photometry. For most of
these we simply adopt the same spectral types as in that work, but a few binaries were not in that
sample or have updated resolved photometry that warrants new analysis. We use the same method
described in Section 5.2 of Dupuy & Liu (2012). Briefly, we pair spectra from a template library
and find the optimal scaling ratio for each pair that best matches the observed integrated-light
spectrum. We compute synthetic photometry for these pairs and then cull all pairings that do not
agree with the observed resolved photometry, p(χ2) < 0.05. We then examine the remaining pairs,
ranked by how well they match the observed spectrum, and assign types and errors on types that
best represent the results. A summary of all available magnitudes for our sample binaries, both
integrated-light and resolved, is given in Table 39. We report magnitudes on both the 2MASS and
MKO photometric systems if data exist in either system by using the empirical relations between
photometric system conversion and absolute magnitude that we derived in Appendix A.1.
LP 415-20AB and 2MASS J1047+4026AB were not included in the Dupuy & Liu (2012)
sample. LP 415-20AB has an integrated-light optical spectral type of M7.5 (Gizis et al. 2000b),
but we find that primary templates as early as M5 and as late as M7 provide good matches to
the infrared SpeX SXD spectrum and resolved photometry, while the best secondary templates
range from M7.5–M8.5. Therefore, we adopt types of M6.0 ± 1.0 for LP 415-20A and M8.0 ± 0.5
for LP 415-20B. 2MASS J1047+4026AB has an integrated-light optical type of M8 (Gizis et al.
2000a), and we find types of M8.0± 0.5 and L0.0± 1.0 in our spectral decompostion. In this work
we have added new flux ratios in CH4S and K bands for 2MASS J1404−3159AB that allow us to
refine our analysis, and we find the same spectral types as we did in Dupuy & Liu (2012), L9± 1
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and T5.0 ± 0.5. We have added a J-, H-, and K-band flux ratios for 2MASS J2140+1625AB
resulting in the same primary type (M8.0± 0.5) but an updated secondary type of L0.5± 1.0 (was
M9.5±0.5). Finally, for DENIS J2252−1730AB we have new flux ratios in Y , J , H, CH4S , and K
bands. This allows us to improve the spectral types to L4.0± 1.0 (was L4.5± 1.5) and T3.5± 0.5
(was T3.5± 1.0).
5.2. Individual Masses
Our joint analysis of resolved relative astrometry and unresolved absolute astrometry provides
direct measurements of the relative orbit, parallax, and photocenter orbit. The first two of these
give the total system mass directly. When the flux ratio of the binary is known, then the photo-
center orbit can also be used to directly measure the individual component masses. Our absolute
astrometry from CFHT/WIRCam is all in either J or KH2 bands, and we have resolved J- and
K-band photometry for all of our binaries. Therefore, we can derive individual masses for any bi-
nary with a sufficiently well constrained photocenter orbit semimajor axis (aphot). As noted above,
we assume a uniform prior in the ratio of the photocenter semimajor axis to the true semimajor
axis (aphot/a). If we define the ratio of the secondary-to-total mass as µ ≡M2/(M1 +M2) and the
ratio of secondary to total flux as β ≡ F2/(F1 + F2), then aphot/a = µ − β. An unbounded and
uniform prior on aphot/a and β, as we have assumed, can in principle allow for unphysical values
of µ < 0. This is simply a consequence of not using any information about the flux ratio in our
astrometric analysis, motivated by the fact that improved flux ratios could easily be obtained in the
future. Therefore, not all astrometric solutions result in meaningful constraints on the individual
mass ratios, but in our sample of well-determined orbits only Kelu-1AB has an aphot uncertainty
sufficiently large to encompass a wide range of unphysical values.
In order to derive flux ratios, we used the values of ∆J and ∆K reported in Table 39. We use
the MKO J-band data directly, while for the narrow-band KH2 filter on WIRCam we must derive
a correction to be applied to our broadband K measurements. As described in Appendix A.2, we
derived third order polynomial relations betweenK-band absolute magnitude and bothKMKO−KH2
color and K2MASS −KH2 color. These relations have an rms scatter of 0.021 mag and 0.025 mag,
respectively. When applying the offset from these relations we added these values of the rms scatter
in quadrature to the flux ratio uncertainty in any case where our observed ∆K was more than 2×
larger than the scatter. In other words, for binaries with flux ratios within .0.05 mag of unity we
did not add this uncertainty in quadrature.
Table 40 summarizes all of the photocenter orbit sizes and flux ratios measured in our analysis,
including systems for which the dynamical masses are not reliable. Table 41 gives the resulting indi-
vidual masses we derive from our dynamical total masses and photocenter mass ratios (19 systems)
or from other information (3 systems). Two of the three binaries in our relative orbit sample that
do not have absolute astrometry from CFHT have stellar companions with Hipparcos distances
(Gl 417BC and HD 130948BC). We provide the model-derived individual masses in Table 41 for
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reference, but we do not consider them as part of the following analysis of individual masses. The
third binary with an orbit but no CFHT data is Gl 569Bab, and for this system we use the mass
ratio of M1/M2 = 1.4 ± 0.3 derived from a joint analysis of all available radial velocity data by
Konopacky et al. (2010, see their Section 5.4.6). Gl 569Bab along with LHS 1070BC (Ko¨hler et al.
2012) are the only two ultracool binary systems that previously had individual mass determinations
in the literature not from our own work. Our sample of 38 objects with individual masses therefore
increases the sample size by an order of magnitude.
Figure 3 shows the all our our individual masses, as well as those from the literature, as a
function of spectral type. In the analysis that follows, we will use this information to discuss
the substellar boundary. Here we simply note that in most cases our individual masses do not
grossly deviate from rough astrophysical expectations, e.g., nearly equal flux systems have mass
ratios near unity and vice versa. There are a few remarkable exceptions, such as the secondary
2MASS J0920+3517B (L9.0 ± 1.5) that has a mass of 116+7−8MJup, well in excess of the expected
hydrogen fusion limit (≈70MJup; Section 7.1).
Figure 4 shows our dynamical mass sample on the color–magnitude diagram (CMD) with
data points colored by the measured masses. Overall, mass broadly decreases through the CMD
sequence, although there is not a one-to-one correspondence between mass and CMD location, as
expected for our sample that is drawn from the field population of ultracool dwarfs spanning a
wide range of ages. The most clear illustration of this is that the lowest mass objects happen to
be located roughly in the middle of the L/T transition, while the latest-type, bluest objects are
somewhat more massive. This more likely reflects the distribution of ages in our sample rather
than indicating that later type objects tend to be more massive. Figure 5 shows our measured
absolute magnitudes as a function of spectral type, colored according to mass, in order to assess
the reliability of both plotted quantities. Our sample is broadly consistent with the field sequence,
indicating the accuracy of our spectral types, with the largest outlier being 2MASS J0920+3517B,
which is consistent with our dynamical masses showing that this is an unresolved pair of brown
dwarfs in a triple system.
To provide a simple summary of our results, Table 42 reports the mean mass in seven spectral
type bins selected to contain 3–7 objects per bin, excluding unusual objects (unresolved binaries and
the pre–main-sequence system LP 349-25AB). As expected, the mean mass broadly decreases with
spectral type. We caution that this table is simply meant to provide a guide to the typical masses
of objects in the field population and is not intended to be used for any quantitative astrophysical
purpose. At earlier spectral types, Table 42 may be useful for providing model-independent mass
estimates for very low-mass stars. Next, we briefly compare these results to previous work and
defer discussion of the astrophysical interpretation of our individual masses to later sections.
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5.2.1. Comparison to Literature Mass Ratios
Four of our 19 systems with individual masses have mass ratios derived from radial veloci-
ties by Konopacky et al. (2010). They quote mass ratios as M1/M2, rather than the standard
q ≡ M2/M1, so for the purposes of comparison here we quote our measurements as 1/q as well.
For 2MASS J0746+2000AB we find 1/q = 1.05 ± 0.03, which agrees within the large uncer-
tainties of 4.0+0.1−3.8 as found by Konopacky et al. (2010). They report a similar mass ratio for
2MASS J2140+1625AB with much smaller uncertainties (4.0+0.0−0.1), which disagrees at ≈8σ with
our result (1.65+0.19−0.23). This seems to confirm the suggestion in Section 5.4.5 of Konopacky et al.
(2010) that their mass ratio for this binary was likely more uncertain than the quoted errors im-
plied. One of our most precise mass ratios is for LHS 2397aAB (1/q = 1.42+0.05−0.06), and it agrees well
with the value of 1.5+7.1−1.4 reported by Konopacky et al. (2010). Finally, we find 1/q = 1.06 ± 0.03
for LP 349-25AB, which disagrees with the value of 0.5 ± 0.3 found by Konopacky et al. (2010).
As discussed in Section 4.2 of Dupuy et al. (2010), a mass ratio that agrees with our value can
be accommodated by the radial velocities of Konopacky et al. (2010), suggesting that their quoted
errors may be underestimated.
The only other directly measured mass ratio in the literature for a system in our sample is from
Harris et al. (2015) for 2MASS J0746+2000AB. Their USNO astrometry gives a value of q = 0.925,
which agrees well with our value of 0.952+0.026−0.027.
5.3. Bolometric Luminosities
We have derived luminosities for all objects in our sample using our resolved photometry
along with the empirical relations between luminosity and absolute magnitude that are described
in Appendix A.3. This is somewhat different from our past work where we relied on bolometric
correction–spectral type relations to derive individual luminosities. Our new approach obviates the
need to reference spectral types, as it links absolute magnitude directly to luminosity. Given that J-
and H-band absolute magnitudes get brighter and plateau across the L/T transition, respectively,
only K-band absolute magnitudes are suitable for the entire range of luminosity of our sample.
The luminosity scatter about the K-band polynomial relation is somewhat higher across the L/T
transition (0.07 dex; MK > 13.0 mag) than at brighter magnitudes (0.04 dex). Interestingly, if we
only consider the late-M and earlier L dwarfs with MH < 13.3 mag, the scatter in luminosity about
the H-band relation is significantly lower (0.023 dex). It is not obvious why this should be the
case from an astrophysical perspective, but we nonetheless use this to our advantage. For binaries
where both components have MH < 13.3 mag, we use the H-band relation with luminosity, and for
the remainder we use the K-band relation. In all cases we used whichever photometry was more
precise between 2MASS and MKO. We report the resulting component luminosities in Table 41,
and Figure 6 shows our derived luminosities as a function of our individual masses.
As a check on our method, we compare our results to published work using integrated-light
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spectra and photometry to derive luminosities. For objects in common with Golimowski et al.
(2004), Dieterich et al. (2014), and Filippazzo et al. (2015), all of whom use somewhat different
methods and generations of models for deriving luminosities, we find that our total luminosities
agree well within the errors after accounting for the different distances assumed in each work.
For example, summing our luminosities for the components of 2MASS J0746+2000AB we find
log(Lbol/L) = −3.375 ± 0.020 dex, which agrees well with published values of −3.41 ± 0.02 dex
(Golimowski et al. 2004), −3.413± 0.009 dex (Dieterich et al. 2014), and −3.391± 0.003 dex (Filip-
pazzo et al. 2015). Other objects in common include Kelu-1, LHS 2397a, SDSS J0423−0414, and
2MASS J1728+3948.
6. Evolutionary Model-Derived Properties
Directly measured masses and luminosities are just two of the many physical properties that
are of interest in characterizing our sample of very low-mass stellar and brown dwarf binaries.
In principle, all physical properties of both stars and brown dwarfs can be predicted from just a
few fundamental parameters: mass, age, and composition. (Other properties such as the entropy
of formation, initial angular momentum, and magnetic fields may also be important as initial
conditions.) Our dynamical mass sample consists of binaries that may be conservatively presumed
to be coeval to within a few Myr and to be composed of the same material. It is therefore an ideal
sample for pairing with evolutionary models, since the three most fundamental parameters are all
constrained at some level.
We consider two families of evolutionary models here, the Lyon group’s models and the Saumon
& Marley (2008) models (Figure 7 shows all model grids used here). The most recent grid from
the Lyon group comes from Baraffe et al. (2015), hereinafter BHAC, and extends over masses of
0.01–1.4M. The published BHAC grid samples masses in the range 0.02–0.1M in increments
of 0.01M (with two extra models at 0.072M and 0.075M) and only tracks evolution down
to Teff = 1500 K. We have obtained BHAC model tracks that extend down to 1300 K (only for
fundamental properties, not absolute magnitudes), as well as more finely gridded tracks over the
mass range 0.05–0.07M in 0.001M increments. This enhanced BHAC evolutionary model grid
was kindly provided by I. Baraffe (2016, private communication) so that we could more accurately
sample the hydrogen-fusion and lithium-fusion mass limits. Many of our sample binary components
have luminosities too low to be covered by the BHAC grid, and when this is the case we use the
Lyon Cond models instead (Baraffe et al. 2003). We do not consider Lyon Dusty models (Chabrier
& Baraffe 2000) as these have been supplanted by BHAC models over the luminosity range for
which they would be appropriate (namely late-M and L dwarfs). The second family of models we
consider are from Saumon & Marley (2008), hereinafter SM08, which conversely to BHAC only
cover cooler temperatures (Teff . 2400 K; log(Lbol/L) . −3.3 dex) and thus many of our more
luminous objects are not covered by the SM08 grid. These hard limits on the model grids means
that we cannot always report model-derived properties for a given component because we do not
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extrapolate beyond the range of any model grid.
In order to perform tests of models, we first use the observed properties of mass and luminosity
to infer other properties from evolutionary models. For our entire sample we have individual
luminosities and precise total masses. In most cases (19 of 22 systems) we also have individual
masses, but the precision of our mass ratios causes most of these individual masses to be less precise
than the total mass. Therefore we take a two-pronged approach to inferring physical properties
from models, either using the more precise total mass alone or the full individual mass information.
The total-mass analysis we use here is distinct from methods that we have used in our previous
work (e.g., Liu et al. 2008; Dupuy et al. 2009b) as well as other approaches in the brown dwarf
literature (see Section 4.5 of Dupuy et al. 2010 for a discussion of different methods). Our past
Monte Carlo methods relied on a two-step interpolation, first using the individual luminosities to
compute a model-predicted total mass as a function of age, and then applying our observational
constraint on the total mass to determine the age distribution. Such a method is susceptible
to numerical problems where more than one mass corresponds to a given luminosity either at a
given age (e.g., due to deuterium burning) or over a range of ages (e.g., even very low-mass stars
become slightly more luminous at old ages than they were on the zero age main sequence). More
importantly, measurement errors can cause Monte Carlo samples to fall in regions of parameter
space not covered by models, e.g., a luminosity that scatters low so that models predict a star of
that mass would never be that faint, which causes a simple interpolation approach to fail. Such
interpolation problems can also occur in the case of individual-mass analysis methods applied to
stars, even though they have worked well for brown dwarfs and young stars in our previous studies
(Dupuy et al. 2015b; Dupuy et al. 2016).
Therefore, we have developed a new approach for deriving physical properties from models
that is based on the statistical technique of rejection sampling. This approach works well when
the number of parameters of interest is small, and in the individual-mass analysis we only need
to find the probability distribution for one unknown parameter—age—because age combined with
mass allows all other properties to be directly interpolated from models. Our approach begins
with a uniform distribution of Monte Carlo drawn ages spanning the minimum to maximum age
of a given model grid, and through rejection sampling we end up with a distribution of ages that
match the observed luminosities at the measured masses. For the case of individual masses this is
conceptually straightforward, but when using only the total mass we must simultaneously try both
random ages and component masses (i.e., essentially allowing for one more unknown parameter,
mass ratio). In both cases, we use the final individual mass and age samples remaining at the end
of the rejection sampling to derive other properties from models (Lbol, radius, Teff , etc.). We now
describe each case in more detail.
In our individual-mass analysis, we begin with 106 Monte Carlo trials of age that are randomly
paired with masses from our MCMC results. The input distribution of ages defines the prior on
age, and we choose uniformly distributed values, i.e., a flat prior. Each mass and age uniquely
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corresponds to a luminosity from models, which we determine from bilinear interpolation of a
uniform 2-d grid of mass and age constructed using Delaunay triangulation as implemented in the
trigrid function in IDL. We compute a χ2 for each sample given our measured median Lbol and
its uncertainty. We account for the fact that our luminosity and mass measurements are correlated
(due to the common parallax) by fitting a line to log(Lbol) as a function of log(M). At each Monte
Carlo-drawn mass, the effective luminosity (L′bol) is given by the coefficients of this linear fit. The
observational error in luminosity at fixed mass (σL′bol) is given by the rms scatter about the fit,
which is equal to or smaller than the actual Lbol error depending on the degree of covariance. Thus,
we compute χ2 = (Lbol,model−L′bol)2/σ2L′bol and a corresponding probability of p = e
−(χ2−min(χ2))/2,
normalized by the Monte Carlo sample with the lowest χ2. We then draw random, uniformly
distributed variates u, and we rejected samples where p < u. In order to efficiently sample the
most relevant ages, we iterated this process gradually narrowing the trial age distribution based on
the results of the previous iteration. We found that after three iterations the number of successful
Monte Carlo trials stabilized. After determining our final age distribution, we then determined
other properties (Teff , lithium depletion, etc.) from 2-d grids constructed with trigrid in the same
way as for luminosity.
In our total-mass analysis we have two unknown parameters, age and mass ratio. Therefore, we
not only draw random, uniformly distributed ages as above, but also uniformly distributed values
of log(M1) for one component. The mass of the other component can then be computed from the
total mass in that Monte Carlo sample, M2 = Mtot −M1. We initially sample all ages covered by
the model tracks and masses for M1 ranging from the lowest mass model to the maximum total
mass in the MCMC chain. We interpolate the luminosity from models for each component mass and
age pair and compute a total χ2 by comparing the interpolated luminosities for both components
to our measurements. As in our individual-mass analysis, we account for correlation between our
measured total mass and component luminosities by fitting lines to log(Lbol,1) and log(Lbol,2) as
a function of log(Mtot). We reject Monte Carlo samples based on the probabilities computed from
the sum of the components’ χ2 and then iteratively narrow the range of age and component mass
searched, again finding three iterations sufficient in all cases. We use the final remaining samples
of age and component masses to interpolate other properties (Teff , etc.) from the 2-d model grids.
Tables 43–67 show the results of our analyses using total mass and individual luminosities as
well as, when possible, individual masses and luminosities. Our rejection sampling analysis natu-
rally produces output distributions of individual luminosities and masses in all cases. Conceptually,
this is because any inputs to the rejection sampling (even measured quantities) can be thought of
as priors on those properties, so the output distributions may be somewhat different (narrower or
slightly shifted). The final output properties will always be fully consistent with model predictions.
For example, in the case of a star on the main sequence, combining our measured luminosity and
age prior typically results in a much narrower range of masses according to models because only
certain masses are predicted to correspond to the input luminosity. In most cases, the median
mass and luminosity output by the rejection sampling analysis agrees within .1.5σ of the input
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values, as expected, but exceptional cases are discussed in the following sections. Figure 8 shows
our input measurements compared to model tracks and the resulting age distributions from both
individual-mass and total-mass analyses.
Our new approach to deriving properties from models via rejection sampling gives essentially
identical results as our past approach for cases where a given mass and luminosity measurement
lie well within the bounds of model isochrones, i.e., for brown dwarfs and young stars. The main
advantage to rejection sampling is that it properly handles stars on the main-sequence and that it
explicitly specifies a prior on age. For example, in our past work on LHS 1901AB we quoted median
and ±1σ values from our age posterior from Lyon models of 0.28+9.72−0.08 Gyr (Dupuy et al. 2010). This
low median age was a consequence of directly interpolating our measured luminosity that is slightly
higher than, but still well within the 1σ errors of, the model-predicted main-sequence luminosity
for objects of that mass. Using our new method we report a more sensible result of 5.2+1.9−4.7 Gyr,
thanks to both allowing measured luminosities to scatter above and below the main sequence value
and imposing an explicit age prior. In addition, in our new approach we always interpolate directly
from model grids in mass and age, which circumvents issues related to the fact that luminosity can
be double-valued at a given mass as a function of age.
Finally, we note that the models used in our analysis all assume solar metallicity. Different
assumptions about metallicity would impact opacities and likely also influence cloud formation and
evolution, both of which would change how luminosity evolves with time. In our work on Gl 417BC
(Dupuy et al. 2014), we discussed this impact of changing opacities on cooling, inferring from the
cloudless SM08 models that a change of ±0.3 dex in metallicity changes luminosity by no more than
±0.05 dex (super-solar models are more luminous at a given mass and age). Thus, if our sample
is on average significantly offset from solar metallicity for some reason, this would result in only
a slight systematic shift in our results. For reference, Santos et al. (2008) report a mean and rms
metallicity of −0.10 ± 0.24 dex for stars in the solar neighborhood. Even for such relatively large
metallicity differences as ±0.3 dex, the corresponding difference in luminosity is comparable to our
typical luminosity uncertainties, so we do not expect metallicity to strongly affect our conclusions.
7. Discussion
Our large sample of dynamical masses enables a broad array of empirical tests of substellar
evolution, many of which have not been possible before without precise individual masses. We
now discuss a number of key topics, both in testing model predictions and establishing empirical
relations. In the following analysis we will mostly deal with our results as whole, but a detailed
discussion of each individual system is provided in Appendix B. When discussing our results below,
we generally do not explicitly exclude anomalous objects (e.g., the unresolved components of triple
systems discussed in Section 7.4) every time they might be relevant.
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7.1. Empirical Test of the Substellar Boundary
Our work represents the first sample of individual masses for spectrally classified L and
T dwarfs. This allows us to examine the maximum mass of the latest-type objects, which is
the mass of the boundary between stars and brown dwarfs. Figure 6 shows our 38 individual
mass and luminosity measurements along with all other published model-independent masses,
including the spectrally unclassified objects Gl 802B (80 ± 14MJup; Ireland et al. 2008) and
HR 7672B (68.7+2.4−3.1MJup; Crepp et al. 2012), as well as the M8.5+M9 binary Gl 569Bab (80
+9
−8MJup
and 58+7−9MJup; Konopacky et al. 2010), the M9.5+L0 binary LHS 1070BC (81 ± 5MJup and
74± 4MJup; Ko¨hler et al. 2012), and the M7+M7 binary LSPM J1314+1320AB (92.8± 0.6MJup
and 91.7±1.0MJup; Dupuy et al. 2016). None of the components violate the most basic predictions
of models within the observational uncertainties, except for systems suspected to be higher-order
multiples based on our analysis independent of models. No objects have a lower luminosity than
expected given their mass and the finite age of the Universe.
Figure 3 shows our individual masses as a function of spectral type. The lack of objects at high
mass and late spectral type is empirical evidence for a mass limit to hydrogen fusion. Moreover,
examining the maximum mass of the latest-type objects (or equivalently the lowest luminosity
objects in Figure 6) allows us to constrain the upper limit on the mass of the substellar boundary,
and correspondingly a lower limit of the mass of main sequence stars. In fact, our dynamical mass
sample is (somewhat unfortunately) ideal for this test because we are biased toward high masses.
The main observational limitation in measuring masses to date has been achieving the time baseline
needed for robust orbit determinations of binaries with typical periods of 20–30 yr. The highest mass
late-L or T dwarfs in our sample are 2MASS J1728+3948B (L7.0±1.0; 67±5MJup; log(Lbol/L) =
−4.49 ± 0.04 dex) and 2MASS J1404−3159A (L9.0 ± 1.0; 65 ± 6MJup; log(Lbol/L) = −4.52 ±
0.05 dex). The next most massive late-type object is 2MASS J2132+1341B (L8.5±1.5; 60±4MJup;
log(Lbol/L) = −4.50+0.05−0.04 dex). Going to earlier types, there are three objects that have masses
and spectral types that are consistent among each other within the errors: 2MASS J0920+3517A
(L5.5 ± 1.0; 71 ± 5MJup; log(Lbol/L) = −4.28 ± 0.03 dex), 2MASS J1728+3948A (L5.0 ± 1.0;
73± 7MJup; log(Lbol/L) = −4.29+0.04−0.05 dex), and 2MASS J2132+1341A (L4.5± 1.5; 68± 4MJup;
log(Lbol/L) = −4.22± 0.05 dex). Despite the fact that we are more sensitive to massive systems,
even our most massive late-type objects are only consistent with having masses as high as 71MJup
within 1σ, and even at spectral types as early as L4 the most massive objects are consistent with
70MJup. Therefore, we estimate an empirical substellar boundary of ≈70MJup.
The theoretical mass limit of hydrogen fusion quoted in the literature varies widely. One
review by Burrows et al. (2001) places the minimum mass for H fusion between 0.070–0.075M
(73–79MJup) for solar metallicity and at 0.092M (96MJup) for zero metallicity. More recent
models from Burrows et al. (2011) also show a range of 0.070–0.075M for the H-fusion mass
assuming different helium fractions (their Figure 6). A review by Chabrier & Baraffe (2000) gives
the minimum mass of H fusion as 0.070M (73MJup) when cloud opacity is included and 0.072M
(75MJup) for cloudless atmospheres. If the H-fusion mass limit is indeed as high as ≈75MJup,
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then it is surprising that we have not uncovered objects with masses closer to this limit in our
sample. Figure 7 shows more recent tracks from BHAC that includes a 0.072M (75MJup) track
that stabilizes in luminosity after ≈2 Gyr and thus we would consider a star. Some of the next
lower mass tracks appear more star-like in that sense, but by 0.067M (70MJup) the luminosity
appears to be on course to monotonically decrease for the age of the Universe. Finally, SM08 quote
a minimum mass of 0.070M (73MJup) from their cloudy models, because that track ultimately
reaches 1550 K where clouds are very significant in the atmosphere. Thus, the lack of any &70MJup
brown dwarfs in our sample is consistent with the lower range of predictions in the literature for
the minimum mass of H fusion (70–73MJup).
If we adopt our empirical substellar boundary of ≈70MJup, we can then determine the latest
spectral type of objects above this boundary (i.e., objects that may be stars at the very bottom
of the main sequence). The most precise stellar mass in our sample is for 2MASS J0746+2000B
(L1.5± 0.5; 78.4± 1.4MJup; log(Lbol/L) = −3.777+0.028−0.027 dex), but this is likely well above the H-
fusion limit. Going to later spectral types we find 2MASS J0700+3157A (L3.0±1.0; 68.0±2.6MJup;
log(Lbol/L) = −3.95±0.04 dex) and 2MASS J1017+1308B (L3.0±1.0; 75±7MJup; log(Lbol/L) =
−3.84± 0.04 dex). After this is the cluster of ≈L4–L6 objects with masses consistent with 70MJup
mentioned above. We therefore conclude that the end of the main sequence occurs within the
range of spectral types of L3–L5 and luminosities of 10−4.3 to 10−3.9 dex, independent of model
assumptions. Objects with spectral types later than this, or luminosities lower than this, are
brown dwarfs, while objects with earlier types or higher luminosities could either be stars or brown
dwarfs. Our result is consistent with early work on the first samples of L dwarfs that showed the
substellar boundary was likely within this spectral type range (e.g., Kirkpatrick et al. 1999). A
larger sample and more precise component spectral types would enable us to refine the location of
this empirically defined substellar boundary.
Finally, we discuss our results in the context of the work of Dieterich et al. (2014) on the
substellar boundary. Their approach uses the minimum radius (determined via luminosity and a
temperature derived from model atmospheres) on the Hertzsprung-Russell diagram. The physical
motivation is that the transition to degeneracy-dominated interiors marks the beginning of the
substellar regime, as degeneracy pressure is what prevents objects below a critical mass from
reaching sufficiently high core temperatures to generate a significant amount of energy by fusing
hydrogen. To perform their test, they start at the late-M dwarfs and examine progressively cooler
objects that have progressively smaller radii, until the trend reverses and cooler objects no longer
have significantly smaller radii. Dieterich et al. (2014) find that this occurs at a radius of 0.086±
0.003R for the object 2MASS J0523−1403, which has a spectral type of L2.5 and log(L/L) =
−3.9 dex, and they conclude that this marks the end of the main sequence. Compared to the
boundary derived here using mass, their result is somewhat earlier in type and more luminous than
our result but broadly consistent within the uncertainties. Dieterich et al. (2014) discuss the fact
that models predict a locus for their radius test at somewhat cooler temperatures and suggest that
lowering the metal abundances adopted in current models could explain the discrepancy; however,
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they also note that such a change in the abundances would alter the mass limit of the boundary
to higher masses. The fact that we find a rather low mass limit for the substellar boundary would
therefore seem to indicate that abundances alone will not rectify the tensions between models and
the results of Dieterich et al. (2014). We speculate that one possibility could be systematic errors
in temperatures derived from model atmospheres akin to those identified in our previous work
on late-M dwarfs (Dupuy et al. 2010), where model atmospheres gave higher temperatures than
implied by evolutionary model radii and measured luminosities.
7.2. Lithium Fusion Mass Limit
Theoretical predictions of lithium depletion in ultracool dwarfs as a function of mass and age
are thought to be one of the most reliable methods for age-dating young clusters (e.g., Chabrier
et al. 1996; Bildsten et al. 1997; Binks & Jeffries 2014; Kraus et al. 2014). They have also long
been used as a method of confirming ultracool dwarfs as substellar (e.g., Rebolo et al. 1992; Basri
et al. 1996). The brown dwarfs in our sample span masses both above and below the predicted
lithium depletion boundary, and many of them are in systems with published optical, integrated-
light spectroscopy that constrains the presence or absence of lithium. One potential complication
is that the Li I doublet at 6708 A˚, which provides the most sensitive observational probe of lithium,
is expected to disappear in cool objects where monatomic lithium becomes incorporated into LiCl
and LiOH molecules or at cooler temperatures condenses into LiF and Li2S (e.g., Lodders 1999).
This chemical depletion at low temperatures has not previously been tested with objects of known
mass. The latest-type object known to display Li I absorption is WISE J1049−5319B (T0; Faherty
et al. 2014; Lodieu et al. 2015), implying that any of the L dwarfs in our sample might plausibly
display Li I absorption if they are not depleted by Li fusion.
Figure 9 shows our individual masses as a function of age for the 13 systems with well con-
strained model-derived ages, i.e., systems containing at least one brown dwarf, as well as the
pre–main-sequence binary LP 349-25AB. (The low-mass main-sequence binaries in our sample
have unconstrained ages, and, as expected, none are known to display Li I absorption.) Only
two of these 13 binaries have published lithium detections, SDSS J0423−0414AB (EW = 11 A˚;
Kirkpatrick et al. 2008) and Gl 417BC (EW = 11.5 A˚; Kirkpatrick et al. 2001). Seven more
systems have published spectra that exclude lithium absorption in integrated light: LP 349-25AB
(<0.5 A˚; Reiners & Basri 2009), 2MASS J0700+3157AB (<0.3 A˚; Thorstensen & Kirkpatrick 2003),
LHS 2397aAB (<0.5 A˚; Reiners & Basri 2009), 2MASS J1728+3948AB (<4 A˚; Kirkpatrick et al.
2000), 2MASS J2132+1341AB (Cruz et al. 2007), and DENIS J2252−1730AB (Reid et al. 2008b).
(See Appendix B for a detailed discussion of all of these binaries and their lithium constraints.)
Also shown in Figure 9 are the lithium-depletion mass limits predicted by the BHAC models
and by the Tucson models (Burrows et al. 1997). While we do not use the Tucson models in our
other model analysis, mainly because in addition to their non-gray atmosphere models they used
gray atmospheres at the higher temperatures (including some temperatures relevant for our sample)
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in order to cover the full range of evolution, we include them here because they are the only other
available evolutionary tracks that report lithium depletion. As expected, lithium nondetections
in the most massive objects, LHS 2397aA (M8, 93± 4MJup) and the young (271+22−29 Myr, BHAC)
components of LP 349-25AB (M7+M8, 85±4MJup and 80±3MJup), are all consistent with model-
predicted lithium depletion. Likewise, the two systems with strong lithium detections comprise
some of the lowest mass components in the sample (.50MJup), so they are consistent with both
sets of models that predict they should be abundant in lithium.
The lowest mass objects with lithium not detected are the 59±5MJup and 41±4MJup compo-
nents of DENIS J2252−1730AB (L4+T3.5; 1.10+0.15−0.18 Gyr). Within the 1σ uncertainties the primary
is consistent with being strongly depleted according to BHAC models, log(Li/Liinit) = −2.1+0.7−1.5 dex
(Cond), and the late-type secondary is likely too cool to possess monatomic lithium. In contrast,
the Tucson models predict that DENIS J2252−1730A should have retained most of its lithium,
log(Li/Liinit) = −0.04+0.04−0.06 dex, and are only consistent with full depletion at 2.0σ. Five other ob-
jects in four systems with masses below 70MJup (2MASS J2132+1341AB, 2MASS J0700+3157A,
LHS 2397aB, 2MASS J1728+3948B) are all consistent at ≤1σ with full lithium depletion according
to BHAC models. In contrast, Tucson models predict that all of these objects could possess a sub-
stantial fraction (up to 100%) of their initial lithium within the 1σ errors. This can be seen visually
in Figure 9 as the cluster of lithium nondetections around 60–70MJup and 2 Gyr that mostly lie
above the BHAC 99.9% depletion curve but that lie entirely below the Tucson 99.9% depletion
curve.
We have noted this tension between predictions of Lyon and Tucson models in our previous
work on HD 130948BC (Dupuy et al. 2009b). Our large sample of individual masses below the
substellar boundary suggests that the lithium is destroyed via fusion at lower masses than the
Tucson models predict but at masses consistent with BHAC models. The fact that the Tucson
models predict a higher mass limit for lithium fusion indicates that their central temperatures
are lower, which can be understood as a consequence of their atmospheres being less opaque as
discussed in detail in Section 3.2 of SM08. According to BHAC models, at field ages of &1 Gyr the
lithium depletion boundary is at a mass of 60MJup. Some of the most interesting systems for testing
lithium depletion are the young (400–800 Myr) binaries Gl 569Bab, HD 130948BC, and Gl 417BC
that span masses of ≈50–70MJup but that do not yet have directly measured individual masses
and/or optical spectra. Individual masses are attainable in the future with absolute astrometry,
either relative to their stellar hosts (Gl 569Bab, HD 130948BC) or from wide-field HST imaging
(Gl 417BC). In addition, resolved optical spectra from HST/STIS would benefit the entire sample,
enabling stricter tests of models than is currently possible with integrated-light spectra.
7.3. Coevality Tests & the Mass–Luminosity Relation in the L/T Transition
In principle, every binary in our sample can be thought of as a “mini-cluster” of coeval,
co-compositional objects that can be used to test model isochrones (e.g., Liu et al. 2010). The
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most straightforward approach is to frame this as a test of coevality. Given our directly measured
individual masses and luminosities, we derive from models an age posterior distribution for each
component (t1 and t2). We then examine the posterior distribution of the difference in ages, and
the extent to which it is different from zero corresponds to a discrepancy in the mass–luminosity
relation predicted by model isochrones. Because we use a Monte Carlo approach, covariances due
to parameters in common between components (distance and total mass) are naturally accounted
for in our analysis.
Figure 10 displays the median and 1σ intervals of the posterior distributions for ∆ log(t) ≡
log t2−log t1. To examine how this coevality criterion depends on the underlying physical properties,
we plot these values as a function of the secondary component mass (i.e., component that is less
luminous). At the highest masses, where the binaries are composed of two main-sequence stars that
each have unconstrained age posteriors, the resulting coevality values are all ∆ log t ≈ 0.0± 0.5 dex
at 1σ. In other words, both stars are consistent with the full range of main sequence ages (a few
hundred Myr, depending on mass, to 10 Gyr, the maximum age of models).
The more interesting coevality tests are for binaries composed of two brown dwarfs. All
but two of these systems give consistent ages for the primary and secondary at .1σ across all
models. The exceptions are two binaries spanning the L/T transition that have the lowest-mass
secondaries of any objects in our sample. According to Lyon Cond models, SDSS J0423−0414AB
and SDSS J1052+4422AB are 3.0σ and 1.5σ discrepant with coevality, respectively. In contrast,
the SM08 models predict a shallower mass–luminosity relation in the L/T transition and thus yield
coeval ages for both systems (consistent at 0.5σ and 0.2σ, respectively). The key difference between
Lyon models (Cond and Dusty) and SM08 hybrid models is that SM08 prescribes an ad hoc change
from a cloudy to a cloudless photosphere as temperature drops from 1400 K to 1200 K. This results
in luminosity dropping less quickly during and immediately following the transition from cloudy to
cloudless atmospheres.
We originally discussed this discrepancy between SM08 and Lyon models for SDSS J1052+4422AB
in Dupuy et al. (2015b). The case of SDSS J0423−0414AB (L6.5±1.5 and T2.0±0.5) is very similar
to SDSS J1052+4422AB (L6.5 ± 1.5 and T1.5 ± 1.0). The primary masses are the same within
the errors (51.6+2.3−2.5MJup and 51 ± 3MJup, respectively), but SDSS J0423−0414AB has a lower
mass ratio (0.62± 0.04 compared to 0.78± 0.07) and luminosity ratio (∆ log(Lbol) = 0.31+0.09−0.08 dex
compared to 0.13± 0.08 dex). Thus, SDSS J0423−0414AB has even more leverage in our coevality
test, and indeed it confirms our previous findings at even higher significance. The reason for the
coevality test failure in both cases is that the secondary is more luminous (or equivalently the pri-
mary is less luminous) than predicted for their masses at a single age in Lyon models. According to
the SM08 hybrid models, luminosity does not fade as quickly during and immediately following the
transition from cloudy to cloud-free atmospheres. So according to SM08 models it is the secondary
that is more luminous than expected (rather than a suppressed luminosity of the primary) because
the secondary has already cooled through the L/T transition and lost its clouds.
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A new physical explanation for the L/T transition has been proposed by Tremblin et al. (2016),
where the primary driver is a thermo-chemical instability in the carbon chemistry (CO/CH4). Our
measurement of the mass–luminosity relation through the L/T transition will provide a key test of
this new idea after it is implemented in evolutionary models in the future.
7.4. Discovery of Triple Systems
Our individual mass and luminosity measurements have revealed that some objects in our sam-
ple are likely triple systems where the higher order multiplicity is unresolved by current observations.
The most extreme case is 2MASS J0920+3517AB (L5.5+L9), where the total mass of 187±11MJup
is high enough that it suggests the presence of an unresolved massive component. Our individual
masses reveal that indeed the less luminous (by 0.06± 0.04 dex) component 2MASS J0920+3517B
is much more massive (116+7−8MJup) than the more luminous 2MASS J0920+3517A (71± 5MJup).
In fact, the anomalous mass of 2MASS J0920+3517B would be obvious on its own, given that its
spectral type is L9.0 ± 1.5, and that models cannot reproduce its luminosity at such a high mass
(Figure 11). 2MASS J0920+3517B can plausibly be explained by a simplistic model in which it
is composed of two equal-luminosity components with equal masses of 58+3−4MJup. The unresolved
pair must be rather tight, as we have never observed an elongated PSF for the secondary relative
to the primary, and the astrometric residuals about the resolved orbit fit have an rms of 0.5 mas for
the better half (13 out of 25) of our measurements. This implies an inner orbit that is much smaller
than the observed outer orbit (a = 68.15 ± 0.23 mas, 2.11 ± 0.04 AU). We discuss this system in
more detail in Appendix B.7.
Unlike 2MASS J0920+3517AB, the total mass of the L3+L6.5 binary 2MASS J0700+3157AB
(141+4−5MJup) is not unusually high. Indeed, our total-mass model analysis readily finds a self-
consistent way to apportion the mass of the two components (76.8+1.5−1.3MJup and 66
+4
−3MJup, Cond)
according to their quite different luminosities (∆log(Lbol/L) = 0.50 ± 0.06 dex) at an age of
2.1+0.4−0.6 Gyr. However, our directly measured masses are 68.0 ± 2.6MJup and 73.3+2.9−3.0MJup. The
less luminous component is again the more massive one, implying that 2MASS J0700+3157B is
in fact an unresolved binary. The model-derived ages for 2MASS J0700+3157A are 0.76+0.09−0.14 Gyr
(SM08) and 1.01+0.13−0.19 Gyr (Cond). If we assume that 2MASS J0700+3157B is composed of equal-
luminosity components with equal masses of 36.7+1.4−1.5MJup, their model-derived ages are somewhat
inconsistent with the primary’s (1.15+0.11−0.12 Gyr and 0.83
+0.08
−0.09 Gyr, respectively), suggesting that this
simplistic scenario is not likely. As with 2MASS J0920+3517AB, we have never observed evidence
for PSF elongation of 2MASS J0700+3157B in our Keck LGS AO imaging, and the rms about the
relative orbit fit is 0.22 mas for the better half (11 out of 22) of our measurements. Thus, the inner
orbit in this system is likely very small relative to the outer orbit (a = 377+5−6 mas, 4.25± 0.08 AU).
We discuss this system in more detail in Appendix B.4.
We have identified a third candidate triple system. The total mass of LP 415-20AB (248+26−29MJup)
is very high for such late spectral type components (M6+M8). Our individual masses show that
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this is because the primary is very massive (156+17−18MJup), while the secondary’s mass (92
+16
−18MJup)
is consistent with its luminosity according to BHAC models. Given the relatively large individual
mass uncertainties, it is unclear whether the putative unresolved component of LP 415-20A is an-
other low-mass star or if it is a brown dwarf. It is less likely, but still possible, that the apparent
discrepancy here is due to the rather large observational uncertainties. An improved parallax for
this system, which is also notable as a possible member of the Hyades, will help clarify the situation
as we discuss in more detail in Appendix B.2.
2MASS J0700+3157 and 2MASS J0920+3517 bring the tally of high-order multiples com-
posed entirely of likely brown dwarfs to five, and these are the first such triple systems with
directly measured masses, semimajor axes, and eccentricities. The first triple brown dwarf iden-
tified was DENIS J020529.0−115925 (Bouy et al. 2005), where the primary (L5) is orbited by
a L/T transition binary (L8+T0). Radigan et al. (2013) discovered the triple T dwarf system
2MASS J08381155+1511155, where the brightest component (T3) is orbited by two slightly fainter
components (T3+T4.5). Stone et al. (2016) discovered that the primary in the young system
VHS J125601.92−125723.9 (Gauza et al. 2015) is actually a binary; making this the only one of
these hierarchical triples in which the inner pair contains the most massive components. (Note
that the distance of VHS J1256−1257 is not secure, and the more massive inner pair could be
composed of low-mass stars and not brown dwarfs.) The hierarchical mass ordering of the DE-
NIS J0205−1159 and 2MASS J0838+1511 systems appear to be similar to 2MASS J0700+3157
and 2MASS J0920+3517, but the relative sizes of inner and outer orbits may be different. The
inner and outer pairs of DENIS J0205−1159 have projected separations of 1.3 AU and 7 AU, respec-
tively, and 2MASS J0838+1511 has projected separations of 2.5 AU and 27 AU. If the inner pairs of
2MASS J0700+3157 and 2MASS J0920+3517 were only a factor of 7–10× smaller than orbit, then
we would have either resolved them directly or possibly seen perturbations in our relative astrome-
try. Thus, it is likely that the semimajor axis ratios of 2MASS J0700+3157 and 2MASS J0920+3517
are much smaller than for DENIS J0205−1159 and 2MASS J0838+1511. Finally, we note that the
eccentricity of the outer orbit is very low for 2MASS J0700+3157 (0.017+0.005−0.007) and is also rather
low for 2MASS J0920+3517 (0.180+0.006−0.007). This would seem to rule out a violent dynamical origin
for these triple systems.
7.5. Effective Temperature Relations
Without directly measured radii for field brown dwarfs of known spectral type, all previous
work on spectral type–Teff relations has relied on assumptions about age combined with model
radii (e.g., Golimowski et al. 2004; Vrba et al. 2004; Stephens et al. 2009; Filippazzo et al. 2015).
Our sample of visual binaries with directly measured luminosities and precise model-derived ages
and radii allows us to examine spectral type–Teff relations without uncertainties in radius due to
the unknown ages or masses. We consider the effective temperatures derived from BHAC and
Cond models as a single “Lyon” relation, using BHAC results when available. We used results
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from our individual-mass analysis when possible, relying on our total-mass analysis for the three
systems without astrometric mass ratios (Gl 417BC, Gl 569Bab, and HD 130948BC). We excluded
the three likely unresolved binaries LP 415-20A, 2MASS J0700+3157B, and 2MASS J0920+3517B.
LHS 2397aB is also excluded because it lacks a spectral type determination. This results in a
sample of 40 objects with Lyon temperatures and 22 objects with SM08 temperatures. (SM08
results are only for the coolest objects; our highest SM08 model-derived Teff is 2090 ± 50 K for
2MASS J1017+1308A.)
Figure 12 shows our model-derived effective temperatures as a function of spectral type. We
calculated second-order polynomial fits of Teff as a function of spectral type, weighting by the
quadrature average of the +1σ and −1σ uncertainties in Teff . The coefficients of these fits are
given in Table 68. The Lyon fit covers spectral types of M7–T5 and Teff ≈ 1100–2800 K, and
the residuals have an rms scatter of 90 K. The SM08 fit covers spectral types of L1.5–T5 and
Teff ≈ 1100–2100 K, and the residuals have an rms scatter of 80 K. The two fits agree reasonably
well in the overlapping spectral type range, with the main difference being that the SM08 fit gives
≈100 K cooler temperatures for L4–L7 dwarfs. This seems to be a reflection of the fact that the
SM08 model-derived temperatures for these objects are indeed systematically lower, due to SM08
radii being ≈10% larger than Cond radii at these temperatures, and not simply a quirk of the
polynomial fit. This is expected from the fact that SM08 models have clouds while Cond models
do not (e.g., see discussion of cloudy versus clear models by Burrows et al. 2011). There are
no significant outliers in the SM08 fit, and in the Lyon fit only Gl 569Bb appears be be &1.5σ
discrepant. It has a model-derived temperature that is 310 K cooler than expected given its M9
spectral type and more consistent with L0.5–L1 types. Gl 569Ba is also slightly discrepant for its
M8.5 spectral type (140 K cooler than the fit). Therefore, Gl 569Bb may appear discrepant because
the system as whole is a slight outlier in Teff due to the shared distance uncertainty in addition to
the spectral type of Gl 569Bb perhaps being slightly underestimated.
Figure 12 also shows literature polynomial relations from Golimowski et al. (2004) and Filip-
pazzo et al. (2015). Our mass-calibrated relation broadly agrees with this past work, except for
the temperature of the L/T transition from Golimowski et al. (2004) which is systematically high,
likely due to the presence of unrecognized binaries in that early work (e.g., Burgasser et al. 2005;
Liu et al. 2006). The relation of Filippazzo et al. (2015) is systematically lower than our Lyon re-
lation by ≈90 K, which appears to be due to the fact that they used SM08 model radii. Our SM08
relation agrees very well with Filippazzo et al. (2015), except at the extreme late-type end where
we find a 150 K warmer Teff for spectral type T5. This seems to be due to their polynomial not
capturing the near-plateau in temperatures through the L/T transition that in our data extends
to at least a type of T5. While our sample does not span exactly the same range in spectral type,
the scatter about our polynomial relation (90 K for M7–T5) is somewhat smaller than previous
relations spanning M6–T8 (124 K for Golimowski et al. 2004; 113 K for Filippazzo et al. (2015)).
Interestingly, all six T dwarfs in our sample, ranging from T1.5–T5, have effective temperatures
that are consistent with each other within the uncertainties, i.e., p(χ2) ≈ 0.5. The weighted average
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and rms of the model-derived temperatures is 1200 ± 60 K for Lyon and 1190 ± 60 K for SM08.
The batch of objects at slightly earlier types are five L6.5–L8.5 dwarfs that also have internally
consistent temperatures of 1475 ± 30 K (Lyon) and 1400 ± 25 K (SM08). In comparison, the only
object in our sample without a spectral type determination is LHS 2397aB, which has model-
derived temperatures of 1520± 40 K (Lyon) and 1440± 40 K (SM08), consistent with the warmer
L6.5–L8.5 dwarfs. This is the first significant sample of objects with individually measured masses
spanning the L/T transition. Their model-derived radii combined with our luminosities imply that
the spectral type range of L6.5–T5 corresponds to a temperature range of only 200–300 K, with
Lyon models favoring the slightly larger temperature range. The narrower Teff range derived from
the SM08 models is likely due to the fact that Lbol does not drop as steeply through the L/T
transition, as discussed in the previous subsection.
Figure 13 shows our sample on the CMD with the data points colored according to their
model-derived temperatures. As expected, temperature correlates strongly with the location along
the CMD sequence, consistent with temperature being a primary driver of the spectral energy
distributions of ultracool dwarfs. Of course, our derived Teff is directly correlated with the plotted
absolute magnitudes that are also used to derive Lbol. However, in the L/T transition, objects have
similar absolute magnitudes and yet they span a relatively wide range of temperatures (≈1500 K to
≈1100 K), with objects bluer in J −K having systematically cooler model-derived temperatures.
7.6. Age Distribution
The age distribution of the field population provides information about the star formation
history of the galaxy and is a key component in studies of substellar mass function in the solar
neighborhood (e.g., Burningham et al. 2010; Kirkpatrick et al. 2012). Without directly measured
fundamental properties, the age distribution of ultracool dwarfs has previously only been con-
strained in a statistical sense from kinematic or population synthesis studies (e.g., Burgasser 2004;
Allen et al. 2005; Zapatero Osorio et al. 2007; Faherty et al. 2009). However, precise age informa-
tion is potentially available for brown dwarfs because, unlike stars, they are continuously changing
their most easily observable properties, namely luminosity and temperature. The most precise
age-dating method within current capabilities is to combine mass and luminosity, two properties
that can be measured very accurately as we have shown here and in our past work, and infer
an age from evolutionary models (for a review of various brown dwarf age-dating techniques see
Burgasser 2009). Note that, as in all stellar astrophysics, age determinations for brown dwarfs are
model dependent, so the accuracy of the derived ages will depend on how well evolutionary models
predict substellar luminosity evolution. As we have found in our past work, this is not yet a solved
problem, with potential issues at the factor of ≈2 level (e.g., Dupuy et al. 2009b, 2014, 2015b).
However, given that our derived ages span nearly two orders of magnitude (∼250 Myr to ∼10 Gyr),
such inaccuracies should not have significant influence on the broad trends in our sample.
Figure 14 shows the distribution of system ages for the 10 binaries in our sample with at least
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one substellar component and thereby a well-determined age. When possible we use SM08 model-
derived ages from our total-mass analysis; we only use our individual-mass analysis for the special
cases of 2MASS J0700+3157AB, where the secondary is an unresolved binary, and LHS 2397aAB,
where the primary is main-sequence star. We also tested ages derived from Cond models and found
that they tended to give slightly (≈10%) older ages. We exclude two systems from our analysis here
because their presence in our sample is not independent of their age. HD 130948BC and Gl 569Bab
were both discovered in targeted surveys of young stars, and so it would not be correct to include
them in this sample of field objects that have different observational selection effects with respect to
age. Unlike these two companion systems, Gl 417BC was originally identified on its own in 2MASS
and was only later associated with the young star Gl 417 by Kirkpatrick et al. (2001). Likewise,
the pre–main-sequence binary LP 349-25AB is not included here because it only has a precise age
determination by virtue of its youth.
The median age of our sample of field brown dwarfs is 1.3 Gyr (2.3 Gyr mean), and the age
interval containing 90% of the joint posterior distribution of all 10 systems is 0.4–4.2 Gyr. This
age distribution is broadly consistent with or somewhat younger than previous statistical age dis-
tributions. From a kinematic analysis of 21 L and T dwarfs, Zapatero Osorio et al. (2007) found a
statistical age of 1.2+1.1−0.7 Gyr, in good agreement with our age distribution. (Their sample includes
just one of our age-dated systems, 2MASS J1728+3948AB.) In contrast, Faherty et al. (2009) found
an older statistical age range from a kinematic analysis of proper motions for a much larger sample
of 184 L0–T8 dwarfs, ranging from 3–8 Gyr for the whole sample or 2–4 Gyr excluding high tan-
gential velocity (>100 km s−1) objects. (None of our systems have such high tangential velocities.)
The Faherty et al. (2009) results are thus systematically older than but marginally consistent with
our age distribution.
Allen et al. (2005) found that brown dwarfs with spectral types ranging from L5 to early-T are
expected to have a mean age of 3 Gyr, given a uniform prior on age from 0–10 Gyr and a nominal
mass function of Ψ(m) ∝ m−0.8. The fact that we find a younger mean age could imply that
the solar neighborhood comprises objects with a slightly younger age distribution. To investigate
this possible discrepancy we performed a population synthesis simulation using a power-law mass
function that is consistent with recent work (Ψ(m) ∝ m0.5; Kirkpatrick et al. 2012; Burningham
et al. 2013) for a range in mass of 30–70MJup, i.e., the lowest to highest masses covered by our age-
dated sample. Rather than assume a constant input age distribution, we adopted the Besanc¸on
model for the solar neighborhood that assumes a constant star formation rate and accounts for
Galactic dynamics in a self-consistent way (Robin et al. 2003).11 Because the Sun lies near the
Galactic midplane, dynamical heating skews the age distribution toward younger ages as older stars
are preferentially scattered away from the midplane over time. In our simulation we assume that
11To be clear about the terminology we are using, “star formation rate” refers to the number of stars and brown
dwarfs that were formed in the Galactic disk as a function of time. “Age distribution” refers to the local, present
day number of stars and brown dwarfs as a function of age.
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ages are distributed uniformly among each of the Besanc¸on model age bins, where each bin contains
a fraction of the total population as follows: 20.0% for 0.15–1 Gyr, 16.1% for 1–2 Gyr, 11.9% for
2–3 Gyr, 16.6% for 3–5 Gyr, 12.9% for 5–7 Gyr, and 14.4% for 7–10 Gyr. We drew random ages
according to this distribution, restricting our population synthesis simulation to 0.3–10 Gyr in order
to accurately represent our observed sample.
After assigning masses and ages to each simulated object, we interpolated Teff from the SM08
models, keeping only simulated objects that fall within the temperature range of our sample (1100–
2100 K). As a check, the fractional breakdown in spectral types between ≤L6, L6.5–L8.5, and L9–T5
dwarfs was 0.22/0.36/0.42, very similar to the actual breakdown of objects in our age-dated sample
(0.28/0.33/0.39). Also note that by performing our simulation with the same evolutionary models
used to derive ages for our sample, the two age distributions are self-consistent by construction.
In other words, the simulation output is directly comparable to our age distribution, even if the
models were to have large systematic uncertainties in the absolute ages.
The age distribution resulting from our simple population synthesis simulation is shown in
Figure 14. It has a median of 1.7 Gyr, a mean of 2.3 Gyr, and the interval 0.3–5.0 Gyr contains
90% of the distribution. The general shape of the distribution is quite similar to our observations,
piling up at younger ages and tailing off at older ages. We checked if the input mass function might
change this results, but using α = 0 or −1 instead of −0.5 only changed the final median age by
≈5%. The simulation predicts that we would have found ≈1 old system (>5 Gyr) in our sample of
10 binaries, and the fact that none of our sample is definitively that old is the main cause of the
slight discrepancy between the population synthesis and our observations. Overall however, our
age distribution is remarkably consistent with our input assumption of a constant star formation
rate.
The simulated population accounts for the main selection effects in our sample, namely a
limited spectral type range and the fact that we can only age-date brown dwarfs and not stars
(i.e., objects with mass .70MJup). The spectral type selection should bias our sample against old
ages, and indeed the simulation indicates that we are the most complete at young ages. There is
one remaining selection effect that is difficult to quantify, the fact that the youngest binaries at
a given spectral type will have the lowest masses, and lower system masses correspond to longer
orbital periods for a given semimajor axis range. Our dynamical mass sample relies on robust
orbit determinations and thus suffers incompleteness at long periods (and thereby low masses and
young ages) because there has been insufficient time to constrain the longest period orbits. (See
Section 7.8 for a detailed discussion of this selection effect.) The fact that our sample is biased in
this way against young ages, and yet we still find an age distribution skewed slightly younger than
our simulation suggests that this selection effect has only a marginal influence.
Overall, our population synthesis simulation demonstrates that our observed age distribution is
consistent with a constant star formation rate in the Galactic disk. We find that the age distribution
of M7–T5 dwarfs in the solar neighborhood is somewhat younger than in previous work, but we
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determine that this can be explained by accounting for dynamical heating in the disk that boosts
the scale height of older stars, removing them from the local volume. As a test, we performed
a second simulation with uniform age input (i.e., constant star formation rate without dynamical
heating) and this skewed the output median age older by almost a factor of two. In the future it
will be possible to extend to older ages this empirical determination of the age distribution in the
solar neighborhood with dynamical mass measurements for even cooler brown dwarfs (e.g., Dupuy
et al. 2015a).
7.7. Eccentricity Distribution
We have previously examined the eccentricities of ultracool binaries and the implications for
formation models in Dupuy & Liu (2011). The sample we used previously included eleven visual
binaries, four spectroscopic binaries, and one eclipsing binary, and we had to contend with potential
selection effects in this sample due to discovery bias (eccentric visual binaries are easier to discover
with poor angular resolution), our own bias in selecting which binaries to monitor, and whether
eccentricity might make some binaries more difficult to yield orbit determinations. Our new sample
is not only much larger (ten new orbits), but we are also in a better position to address issues
regarding observer and orbit-fitting biases. This is because we present here our entire monitoring
sample with orbit fits for all binaries. The only selection is therefore based on the quality of the
resulting fits, and this allows us to robustly quantify the completeness of our sample.
As described in detail in Section 2, our input sample of 31 binaries is, to the best of our
knowledge, complete for binaries with projected separations at discovery of ≤6 AU, given our other
non-orbit related selection criteria (spectral types M6.5–T5.5, d ≤ 40 pc, observable from Maunakea
with Keck LGS AO). Figure 15 shows all orbit fitting results for our sample, including binaries
with marginally or poorly determined orbits, as well as visual binary orbits from the literature.
As expected, the binaries with the widest separations at discovery have turned out to have longer
orbital periods. Because we are hampered by the available observational time baseline for longer
period binaries, many of these do not have well determined orbits. Only one binary with P > 30 yr
has a well determined orbit (2MASS J1728+3948AB); all the rest are marginal or poor. The only
binary at P < 30 yr that does not have a well determined orbit is SDSS J0926+5847AB (e = 0.00–
0.58 at 2σ). This is a pathological case where the orbit is very close to being viewed edge on,
and the phase coverage from our 3-year HST program does not allow us to uniquely determine the
orbit. It is likely that if SDSS J0926+5847AB were observable with Keck LGS AO, then we would
have better phase coverage over a longer time baseline that would enable an orbit fit. Therefore,
we conclude that for periods <30 yr, our sample of orbit determinations is effectively complete,
including 22 binaries from our sample and 3 binaries from the literature.
A complete sample can still be biased, with the key effect here being “discovery bias,” which
is explored in detail in Section 3.1.1 of Dupuy & Liu (2011). Briefly, every imaging survey has an
inner working angle (IWA) inside of which binary companions are not detectable. Given a binary
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with semimajor axis a, the projected separation will sometimes be inside of this limit, depending on
the inclination, eccentricity, and epoch of observation. When IWA a, the probability of detecting
any binary approaches unity. When IWA > a, circular binaries are completely undetectable while
more eccentric binaries are more favorable to detect because the apoastron distance is a× (1 + e)
(see Figure 1 of Dupuy & Liu 2011). By excluding binaries discovered very near the IWA of a
survey we can minimize the impact of this discovery bias. Figure 16 shows the ratio of IWA/a for
binaries in our sample. The highest IWA/a ratios are 1.58 and 1.24 for 2MASS J1047+4026AB and
LP 415-20AB, respectively, and indeed both of these binaries are quite eccentric (0.7485 ± 0.0013
and 0.706+0.011−0.012). The next highest are IWA/a = 0.88 for 2MASS J0920+3517AB (e = 0.180
+0.006
−0.007)
and IWA/a = 0.69 for LP 349-25AB (e = 0.0468+0.0019−0.0018). Based on the simulations of Dupuy & Liu
(2011), we adopt a cutoff of IWA/a < 0.75 to mitigate discovery bias in our sample, and this includes
2MASS J1047+4026AB, LP 415-20AB, and the more marginal case of 2MASS J0920+3517AB.
Eccentricities for our entire sample, along with the three other published visual binary orbits, are
shown in Figure 17 as a function of semimajor axis.
After making the cuts described above, the final complete, de-biased sample comprises 22
ultracool visual binaries. In addition, we examine published orbits for various unresolved binaries:
three astrometric orbits (Sahlmann et al. 2015a,b; Koren et al. 2016), three spectroscopic orbits
(Basri & Mart´ın 1999; Joergens et al. 2010; Burgasser et al. 2016), and one double-lined eclipsing
orbit for a very young brown dwarf binary in Orion (Stassun et al. 2006). Figure 18 shows all of
these results, spanning more than three orders of magnitude in period. The unresolved binaries
all have modest eccentricities (0.2–0.6), whereas our sample has a number of very eccentric (>0.7)
and nearly circular (0.0–0.1) systems. The lack of low eccentricities (<0.2) in the seven unresolved
binaries is the most striking, as nearly half (10 of 22) of the visual binaries have e < 0.2. More
short-period binaries are needed to determine the significance of this apparent difference, given the
current small sample with short periods.
Figure 19 shows the eccentricity distribution of our de-biased visual binary sample. The
abundance of low eccentricity orbits is the most clear result, reinforcing the conclusion of Dupuy
& Liu (2011) that very-low mass binaries are very inconsistent with the high eccentricity orbits
found in simulations from Stamatellos & Whitworth (2009) but consistent with the more modest
eccentricities predicted from the simulations of Bate (2009). In fact, our larger sample here is less
consistent with the Bate (2009) results that do not predict as many nearly circular orbits. For both
sets of simulations, it is possible that the influence of gas over timescales longer than the simulated
durations would damp eccentricities further and bring the simulations into better agreement with
our observations.
Compared to the extensive orbital information available for solar-type binaries spanning ≈6
orders of magnitude in period (e.g., Duquennoy & Mayor 1991; Raghavan et al. 2010), our visual
binary sample covers a relatively narrow range of periods (.1 order of magnitude). However, one
striking feature of the recent large Raghavan et al. (2010) compilation of solar-type multiple systems
(127 eccentricities) from is that for a wide range of periods (∼102–106 d), there are no binary orbits
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with e < 0.1 and only three orbits in triple or quadruple systems with e < 0.1. In contrast, our
de-biased visual binary sample has 5 out of 22 orbits with e < 0.1. Two of these are orbits in
triple systems, where one is an “inner” orbit (i.e., the orbit of the tighter pair in the hierarchical
triple; HD 130948BC) and one is an “outer” outer (2MASS J0700+3157AB). The other three are
all seem to be binaries with no other companions (LP 349-25AB, 2MASS J1534−2952AB, and
2MASS J2206−2047AB). This discrepancy between the very low-mass and and solar-type orbits
samples was first noted in Dupuy & Liu (2011), and it is even stronger now after roughly doubling
the sample size of visual binaries. For example, the Fisher exact test comparing the number of
binaries above and below e = 0.1 in our sample to Raghavan et al. (2010) gives a p-value of 0.0019,
implying the two samples are inconsistent at 3.1σ. This difference in low-e orbits could be due to
differences in initial conditions (i.e., binary formation is different at very low masses) and/or early
evolution (i.e., different physical processes at work after formation). In the latter case, if dissipative
gas disks are longer lived for very low-mass objects than solar type stars, this could potentially
result in a higher fraction of nearly circular orbits even if the initial conditions are the same for
both samples.
7.8. The Lowest Mass Brown Dwarfs in the Sample?
As described in Section 4.1, we have excluded some binaries from our analysis because of their
uncertain orbits. This is largely due to poor orbital coverage given their apparently long orbital
periods relative to our observational time baseline. Since our sample was selected to have the
smallest semimajor axes possible, some of these binaries are likely to be the lowest mass systems in
our sample. Indeed, if we take our orbit determinations at face value, then 2MASS J0850+1057AB,
SDSS J1021−0304AB, SDSS J1534+1615AB, and SDSS J2052−1609AB all have lower total masses
than the lowest mass object used in our analysis (SDSS J0423−0414AB, Mtot = 83± 3MJup).
2MASS J0850+1057AB (L6.5+L8.5) has a total mass of only 54 ± 8MJup, and thus perhaps
component masses of 20–30MJup. Given the component luminosities, this would correspond to an
age of 150–400 Myr according to both Lyon and SM08 models. The 2MASS J0850+1057 system
has previously been suggested to be young based on having an M dwarf companion (NLTT 20346;
4.′13 or 8000 AU away) with a young X-ray activity age (Faherty et al. 2011) and based on
2MASS J0850+1057A being bright at J-band for its spectral type (Burgasser et al. 2011). How-
ever, the physical association of NLTT 20346 to the 2MASS J0850+1057 system is questionable (see
Section 6.4 of Dupuy & Liu 2012), and the discovery and characterization of young late-L dwarfs
indicates that they tend to be fainter at J-band, not brighter (Faherty et al. 2012; Liu et al. 2013a;
Liu et al. 2016). Our improved proper motion measurement for the 2MASS J0850+1057 system
is consistent with our previous findings, discrepant by 45 mas yr−1 (6.3σ) with the Faherty et al.
(2011) proper motion for NLTT 20346, implying that the wide pair is not likely to be physically as-
sociated. Burgasser et al. (2011) also suggested that 2MASS J0850+1057A could be an unresolved
binary based on its unusually bright J- and K-band absolute magnitudes given its spectral type of
– 40 –
L7, making this a triple system of ultracool dwarfs. Our distance (31.8±0.6 pc instead of 38±6 pc)
and spectral type of L6.5 ± 1.0 give absolute magnitudes comparable to other L5–L7 dwarfs (see
Table 15 of Dupuy & Liu 2012), reducing the reason to suspect 2MASS J0850+1057A is an unre-
solved binary. Moreover, if our low total mass is accurate, then the component masses (if a triple
system) would be 10–15MJup, making the system even younger. This seems unlikely given that
the integrated-light spectrum lacks spectral similarities to other comparably young late-L dwarfs
(e.g., Liu et al. 2013b; Gizis et al. 2015).
SDSS J1021−0304AB (T0+T5, Mtot = 52+6−7MJup) and SDSS J1534+1615AB (T0+T5.5,
Mtot = 46
+6
−7MJup) have the most precise masses of any of the systems with poorly determined or-
bits. For plausible mass ratios the implied component masses of these binaries would be 20–30MJup.
With orbital period posteriors of 86+13−17 yr and 58
+39
−24 yr, respectively, it is unlikely that we will
achieve significant improvement in their orbit determinations in the near future. SDSS J2052−1609AB
(L8.5+T1.5, Mtot = 69
+14
−20MJup) has a very uncertain total mass but the best chance of yielding a
robust orbit in the near term, as its derived period is 44+10−14 yr and our observations already cover
20% of this.
8. Conclusions
We present astrometric monitoring of a well-defined sample of 31 ultracool dwarf visual bi-
naries (component spectral types M7–T5) from our ground- and space-based observing programs
spanning nearly a decade in time baseline. We determine robust orbits using resolved astrometry by
combining our Keck laser guide star adaptive optics imaging and aperture masking interferometry
observations, HST imaging, and other published archival data. Our unresolved infrared imaging
from CFHT/WIRCam allows us to measure precise parallactic distances and constrain the photo-
center orbital motion of our binaries. We perform a simultaneous MCMC analysis of both resolved
and unresolved astrometry in order to accurately determine posterior distributions of all 13 astro-
metric parameters. By careful consideration of our posteriors, we propose orbit quality metrics that
separate robustly determined orbits (23 systems) from marginal and poorly determined orbits that
typically have long orbital periods (&50 yr) and thus lack sufficient observational time baseline.
Our combined orbit and parallax results directly yield dynamical total masses (median precision
5%, as good as 1.1%), and combining our measured infrared flux ratios with the photocenter orbit
constraints enables determination of individual masses for 19 systems (median precision 7%, as
good as 1.7%).
We perform empirical tests of evolutionary models based solely on the observed properties of
our sample. Also, we critically examine the fundamental properties of objects from the bottom of
the main sequence through the L/T transition by deriving precise ages, radii, etc. from the models.
For this analysis, we develop new relations for deriving bolometric luminosity from H- and K-band
absolute magnitudes, as well as a method for inferring parameters from models given our mass
and luminosity constraints. Unlike our past work that used simple interpolation of models, our
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new approach is based on the Monte Carlo technique of rejection sampling and allows for explicit
definitions of age priors as well as proper treatment of cases where an object of a given mass might
have the same luminosity at multiple times during its evolution (e.g., a star on the main sequence
or a deuterium-burning brown dwarf). We summarize our findings as follows.
1. We perform a novel empirical test of the mass limit for hydrogen fusion in stars by examining
the maximum mass of the coolest objects in our sample. Among all late-L and T dwarfs,
we find no objects more massive than 70MJup, implying a substellar boundary that is lower
in mass than found in some previous work (75MJup has often been quoted) but reasonably
consistent with the latest BHAC evolutionary tracks. Among objects more massive than
70MJup the latest spectral types are L3–L5, implying that any object with a later spectral
type than this is likely to be a brown dwarf independent of any model assumptions.
2. We examine the mass limit for lithium fusion in brown dwarfs. Our sample has 13 systems
with at least one substellar component, and two of these have integrated-light Li I absorp-
tion reported in the literature while seven have published nondetections of lithium. After
considering the potential for chemical depletion of monatomic lithium into molecular form
(e.g., LiCl, LiOH), the observations are fully consistent with predictions of lithium depletion
from Lyon evolutionary models (Baraffe et al. 2015). In contrast, Tucson models (Burrows
et al. 1997) predict that lithium should be present at detectable levels in some of our more
massive binary components (60–65MJup), but this is inconsistent with numerous Li I nonde-
tections. The most massive objects in systems with lithium detected (SDSS J0423−0414A
and Gl 417B) have masses of ≈52MJup, consistent with (in fact, much lower than) the BHAC
model-predicted lithium depletion boundary of 60MJup at ages &1 Gyr.
3. We perform coevality tests, deriving ages for each binary component independently and check-
ing for consistency to test evolutionary model isochrones. All binaries are consistent with
predictions from the various models we tested, except for two binaries spanning the L/T tran-
sition that have the lowest mass secondary components in our sample (SDSS J0423−0414AB
and SDSS J1052+4422AB). For these two systems, our observations show a smaller difference
in luminosity between the binary components given their difference in mass than predicted
by Lyon models (3.0σ and 1.5σ, respectively). However, both binaries are consistent with
SM08 hybrid models that assume a gradual loss of cloud opacity as objects cool from 1400 K
to 1200 K, which has the side effect of making the mass–luminosity relation shallower through
the L/T transition. This reinforces the results of Dupuy et al. (2015b).
4. We discover two new brown dwarf triple systems, where the inner pairs are identified via direct
mass measurements but not spatially resolved. 2MASS J0700+3157B and 2MASS J0920+3517B
are each the fainter component of a visual binary but are significantly more massive than the
brighter component, implying that they are each unresolved, roughly equal-mass binaries.
A third system LP 415-20AB has an unusually massive primary (156+17−18MJup) given its M6
spectral type, making this a third candidate triple in our sample. 2MASS J0700+3157 and
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2MASS J0920+3517 are only the fourth and fifth known triple brown dwarf systems known,
and they are the only such systems with directly measured masses, semimajor axes, and
eccentricities, information that could be used to understand their origins.
5. We construct a spectral type–effective temperature relation for ultracool dwarfs that is based
on model radii free of assumptions about mass or age. We fit a second order polynomial to
temperatures derived from Lyon models (a sample that spans M7–T5 and 1100–2800 K) as
well as SM08 models (valid over a narrower range of L1.5–T5 and 1100–2100 K). The scatter
about the fit is 90 K for Lyon models and 80 K for SM08 models. Examining individual
subsets of objects, we find that all six T1.5–T5 dwarfs have consistent temperatures within
their uncertainties (weighted average and rms of 1190±60 K using SM08 models), and the five
L6.5–L8.5 dwarfs likewise have internally consistent temperatures (1400 ± 25 K using SM08
models).
6. The 10 systems in our sample with precisely determined ages (and provenances free of explicit
age bias) allow us to directly measure the age distribution of brown dwarfs in the solar
neighborhood for the first time. The median age of our sample is 1.3 Gyr, and the mean
is 2.3 Gyr. Compared to previous statistical age constraints on the field population, our
age distribution is either consistent (Zapatero Osorio et al. 2007) or systematically younger
(Faherty et al. 2009), and it is also younger than previous modeling of the solar neighborhood
(e.g., Allen et al. 2005). We performed a population synthesis simulation designed to mimic
our sample in mass and spectral type range, using an input constant star formation history.
We find good agreement with our observations only after accounting for dynamical heating
in the Galactic disk, which preferentially removes older stars from the solar neighborhood.
Thus, our sample is consistent with a constant star formation rate in the Galactic disk, at
least over the relatively young ages that we probe (.4 Gyr).
7. We have revisited the eccentricity distribution of very low-mass binaries. In general, our
results reinforce the conclusions of Dupuy & Liu (2011), now with a larger sample and more
robustly quantified completeness. Perhaps the most striking feature of our visual binaries
is the preponderance of low-eccentricity orbits. Out of 22 orbits in our de-biased sample,
ten have e < 0.2 and five have e < 0.1. This is stark contrast to solar-type binaries and
possibly also the relatively small sample of seven short-period, unresolved ultracool binaries
with spectroscopic or astrometric orbits. We speculate that low-eccentricity orbits could
reflect more extensive tidal damping during the early evolution of ultracool binaries if their
gas disks are longer lived than more massive stars.
Our individual masses provide a direct window into substellar astrophysics, empirically quan-
tifying the mass limits for hydrogen (and lithium) fusion. The unique ability of binaries to serve
as “mini-clusters” has provided the strongest tests of the mass–luminosity relation in the poorly
understood L/T transition. Indeed, recent theoretical work by Tremblin et al. (2016) has called into
question the primacy of clouds in driving changes in the most readily observable properties (colors,
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magnitudes, and spectral types) across the L/T transition. Our results highlight how the modeling
of surface properties can have a significant influence on the bulk evolution of brown dwarfs, as the
only available models that match our mass–luminosity relation data are those that treat the L/T
transition as a change in cloud properties. Evolutionary models adopting the alternative hypothesis
that the L/T transition is driven by a CO/CH4 thermo-chemical instability are needed to test this
idea against our observations.
Our sample lays the groundwork for future tests of models using objects of known mass. For
example, objects from our sample will have a significant advantage for testing model atmospheres as
they provide a joint constraint on Teff and log(g) (via radius) given the directly measured masses and
luminosities. To enable such tests, resolved spectroscopy of our binaries will need to be obtained,
and this is within reach of existing and future high angular resolution facilities. Moreover, resolved
optical spectroscopy will be key in strengthening our tests of lithium depletion, as our current
tests rely on integrated-light spectroscopy alone. In the farther future, dynamical masses for late-T
and Y dwarf binaries (e.g., Liu et al. 2011; Dupuy et al. 2015a) will open the door to new tests
of models. Such measurements will reveal both the older analogs of the &30MJup brown dwarfs
in our current sample, as well as pushing to much lower masses, perhaps even to the mass range
shared by directly imaged planets (5–15MJup).
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A. Empirical Relations with Absolute Magnitude
While there are many useful empirical relations in the literature based on spectral type, many
tight binary components do not have directly measured spectra. However, we do have accurate
near-infrared absolute magnitudes for all of our binaries from parallactic distances and resolved
photometry. We will soon have many more late-M and L dwarfs with distances from Gaia that
will not immediately have spectra available. Therefore, we have derived empirical relations of
various useful quantities with respect to absolute magnitude using the existing sample of ultracool
dwarfs with parallaxes. Because J- and H-band absolute magnitudes do not change monotonically
through the L/T transition (e.g., Dupuy & Liu 2012), we primarily derive these relations using
K-band absolute magnitudes on the 2MASS and MKO photometric systems. We also examined
some relations as a function of H-band absolute magnitude for MH < 13.3 mag objects for which
the relations have lower scatter in luminosity and spectral type and color changes monotonically.
A.1. 2MASS-to-MKO Photometric Conversion
In order to report complete photometry across both MKO and 2MASS photometric systems for
our sample binaries, we compute photometric system conversions based solely on K-band absolute
magnitude. We used our compilation of ultracool dwarf parallaxes available online,12 selecting
only single objects with a published spectrum, a parallax error of <15%, and a “null” object
flag, meaning that there is nothing unusual about the object. We use synthesized 2MASS/MKO
photometric conversions from Dupuy & Liu (2012) for each of the 46 objects in each of J , H, and
K bands. For J and H bands, we found that a third-order polynomial provided a good fit to the
data. The K-band conversion undergoes a steep jump between MK ≈ 13–14 mag that cannot be
well approximated by a single polynomial. Therefore, we computed a three-part piecewise linear
fit to the K-band conversion as a function of MK . In addition to these relations as a function of
MK , we also computed an H-band conversion as a function of MH . The polynomial coefficients
are given in Table 68 and the fits are displayed in Figure 20. The typical rms about the fits ranges
from 0.003 mag for H-band to 0.015 mag for J band.
A.2. Broadband K to Narrowband CFHT/WIRCam KH2 Conversion
Determining mass ratios from photocenter motion requires knowing the flux ratios in the imag-
ing bandpass. Our absolute astrometry for the brightest targets observed with CFHT/WIRCam
was obtained in a narrow K-band filter, KH2, centered on 2.122µm with a bandwidth of 0.032µm.
We do not have resolved photometry for these binaries in this specialized filter, so we must synthe-
size it from our broadband K photometry in order to determine the flux ratios of our binaries in
12http://www.as.utexas.edu/~tdupuy/plx
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our CFHT imaging.
We used the same sample of objects selected from our online parallax compilation as described
in the previous section. We used the filter curve provided by CFHT to synthesize KH2 photometry,
13
and we assume that the difference between this scan done in the lab and the transmission at colder
operational temperatures is negligible for our purposes. We computed KH2 − K and KH2 − KS
colors for these objects and found a smooth relation for objects with MK < 13.1 mag, corresponding
roughly to spectral types <L9. (The smooth relations break down for later types as the KH2 filter
samples part of the K-band flux peak of T dwarfs while their broadband K flux plummets.) We
fit a second-order polynomial as a function of MK for 25 objects. The coefficients are given in
Table 68 and the fits are displayed in Figure 20. The rms about these fits were 0.025 mag for K
and 0.021 mag for KS .
A.3. Bolometric Luminosity
Determining the component luminosities using our resolved photometry is a critical part of our
model tests. We have used the large sample of luminosities from Filippazzo et al. (2015) to derive
polynomial relations between luminosity and absolute magnitude. We used only objects with paral-
lactic distances, nominal ages &0.5 Gyr, and normal properties (i.e., no subdwarfs, young objects,
or objects dubbed peculiar in their spectral type). We supplemented the observed magnitudes
reported by Filippazzo et al. (2015) by applying our 2MASS/MKO conversions from above. For
any object with either a 2MASS or MKO measurement, we derived the complementary magnitude
using the K-band absolute magnitude. For objects with both 2MASS and MKO measurements,
we used the more precise magnitude to derive the complementary magnitude, supplanting the di-
rectly observed value. This results in a sample of 126 normal field objects with luminosities and
K-band absolute magnitudes. (Since our 2MASS/MKO relations are only valid between MK = 9.1–
17.0 mag, there are a few objects with only 2MASS or MKO photometry that changes the input
sample slightly between 2MASS and MKO.) A subset of 76 of these objects had magnitudes of
MH < 13.3 mag, which we used in our H-band relations.
We fit luminosity as a function of K-band absolute magnitude with a fifth-order polynomial,
since there was clear structure in the residuals using only a third order polynomial. For the more
limited H-band magnitude range, a third-order polynomial was sufficient. In K-band, it was vi-
sually apparent that the scatter at brighter magnitudes was less than at fainter magnitudes. The
fact that the nominal errors on the magnitudes and luminosites are not significantly larger for the
fainter objects implies that this increased scatter is due to either unquantified systematic errors in
the luminosities of the lower luminosity objects or real astrophysical scatter in the relationship be-
tween K-band absolute magnitude and luminosity. Regardless, we quantify this effect by separately
13http://www.cfht.hawaii.edu/Instruments/Filters/curves/cfh8304.dat
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computing the rms scatter at the bright end (MK ≤ 13.0 mag; rms of 0.04 dex for 90 objects) and
faint end (rms of 0.07 dex for 36 objects). The coefficients for all relations are given in Table 68,
and the fits and residuals are displayed in Figure 21.
B. Discussion of Individual Objects
B.1. LP 349-25AB (M7+M8)
In our previous work, we used a parallax of 75.8± 1.6 mas from Gatewood & Coban (2009) to
compute luminosities and a total mass that gave a Lyon Dusty model-derived age of 127+21−17 Myr
(Dupuy et al. 2010). Our new more accurate parallax of 69.2 ± 0.9 mas from CFHT results in
somewhat higher masses and luminosities but still the youngest model-derived age of any object
in our sample, 271+22−29 Myr (BHAC). We now have directly measured individual masses, and the
ages derived from the component masses and luminosities are coeval within the uncertainties (∆t =
50±50 Myr). Our measured mass ratio (q = 0.941+0.029−0.030) is consistent within the uncertainties with
the model-derived mass ratio from our total-mass analysis (0.88+0.03−0.04). Such a young age implies
that LP 349-25AB is a pair of pre–main-sequence stars with masses of 85±4MJup and 80±3MJup.
At a distance of only 14.45+0.18−0.19 pc, this is the nearest pre–main-sequence system containing very
low-mass stars (<0.1M), with the next closest being LSPM J1314+1320AB (M7+M7; Dupuy
et al. 2016) at 17.25 pc.
According to the BHAC tracks, a 0.075M object comparable to LP 349-25B requires≈130 Myr
to deplete 99.9% of its initial supply lithium, while 0.075M object comparable to LP 349-25B
would need ≈110 Myr. Therefore, BHAC models predict both components are fully depleted in
lithium, in agreement with the nondetection of Li I absorption (<0.5 A˚) reported by Reiners &
Basri (2009). LP 349-25AB therefore provides a critical test of the lithium depletion bound-
ary in low-mass stars and brown dwarfs at young ages that is used to age-date young clusters
at ∼20–200 Myr (e.g., Bildsten et al. 1997; Binks & Jeffries 2014; Kraus et al. 2014). It joins
LSPM J1314+1320AB as the only other pre–main-sequence system where objects of known mass
empirically constrain the model-predicted lithium depletion boundary (Dupuy et al. 2016). Like
LSPM J1314+1320AB, LP 349-25AB is a luminous radio source (Phan-Bao et al. 2007; Osten et al.
2009), which makes it a rare benchmark for characterizing radio emission in ultracool dwarfs. High-
precision VLBI astrometry may be possible for LP 349-25AB, like Forbrich et al. (2016) recently
showed for LSPM J1314+1320AB, which would refine the individual mass precision and enable
even stronger constraints on models.
LP 349-25AB has not previously been reported as having spectral signatures of low surface
gravity. However, examination of our own integrated light SpeX SXD spectrum (R ≈ 1200) indi-
cates that it has a classification of M8 int-g on the Allers & Liu (2013) system. Given the gap
in known young associations between the ages of the AB Doradus (∼150 Myr) and Ursa Majoris
(∼400 Myr) groups, LP 349-25AB (250–300 Myr) provides unique evidence that spectral signatures
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of low gravity in the infrared can persist to at least 250 Myr for late-M dwarfs. There is only one
other system of ultracool dwarfs with spectral signatures of youth that have directly measured
masses, LSPM J1314+1320AB (92.8± 0.6MJup and 91.7± 1.0MJup; Dupuy et al. 2016). Despite
LSPM J1314+1320AB having more marginal signatures of low gravity, its components actually
have lower model-derived surface gravities (log(g) ' 4.8 dex) than the older and somewhat less
massive LP 349-25AB (5.1 dex). This implies that while the current gravity classification system
does indeed pick out young objects (.300 Myr), there is a limit to the granularity by which relative
strengths of spectral features can be used to distinguish surface gravity and thus age.
B.2. LP 415-20AB (M6+M8)
LP 415-20AB has the largest total mass in our sample (248+26−29MJup) and also the largest
fractional uncertainty in its mass (+10−12%). Given the component spectral types of M6.0 ± 1.0 and
M8.0 ± 0.5, and the integrated-light optical type of M7.5 found by Gizis et al. (2000b), a mass
as large as 250MJup would be quite puzzling. The implied component masses would be ≈120–
130MJup, and objects that massive are not known at such late spectral types (e.g., L 726-8AB
and L 789-6ABC are both M5.5 in integrated light; Delfosse et al. 2000). The size of our mass
uncertainty suggests that LP 415-20AB could simply be a &2σ outlier, but we also consider the
possibility that it is an unresolved triple system. Our directly measured mass ratio of 0.59+0.10−0.12 is
rather far from unity despite a modest luminosity ratio of ∆ log(Lbol/L) = 0.25+0.04−0.03 dex. This is
also consistent with higher order multiplicity, but the mass ratio uncertainty is too large to make
a definitive statement.
In our total-mass analysis, rejection sampling eschewed masses at the high end of the input
distribution, resulting in Mtot = 201
+4
−3MJup, 1.7σ lower than our measurement (Table 44). This
is because the models do not allow the higher masses to correspond to the luminosity we measure
for LP 415-20A (Figure 11). The individual-mass analysis confirms that this mass discrepancy
is found to be due entirely to the primary. The mass of LP 415-20A after rejection sampling is
109.8+3.1−2.9MJup, 2.6σ lower than the input 156
+17
−18MJup, whereas the input and output secondary
masses are essentially unchanged. Therefore, both sets of analyses suggest that if our unusually
high mass is due to an unresolved component of LP 415-20A, its mass is expected to be ≈50MJup
(assuming that the unresolved component contributes negligibly to the luminosity).
As a test, we also performed our analysis for a hypothetical scenario where LP 415-20A is an
equal-mass, equal-flux binary with each component having M = 78+8−9MJup and log(Lbol/L) =
−3.32 ± 0.03 dex. This scenario is the simplest to implement because we do not need to invoke a
mass–luminosity relation to apportion flux between the hypothetical components. We found rea-
sonable agreement with models, though the resulting LP 415-20A component masses after rejection
sampling preferred a somewhat higher mass of 92.3+2.2−1.6MJup (Table 45). This is consistent with
the idea that if LP 415-20A is an unresolved binary, its components are somewhat unequal in mass.
However, we reiterate that this discrepancy could also simply be a statistical outlier, e.g., due to
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the somewhat uncertain parallax (σpi/pi = 3%) that dominates the mass uncertainty. As one of the
brighter targets in our sample, LP 415-20AB should be well detected by Gaia, which would resolve
the current mass discrepancy.
In all cases above, the masses and luminosities of the components of LP 415-20 are consistent
with being coeval stars, most likely on the main sequence but also consistent with ages of a few
hundred Myr (the BHAC model-derived age for LP 415-20B is 5.0+1.9−4.7 Gyr). Thus, from our model-
derived age distribution alone we do not rule out the possibility that LP 415-20 could be a member
of the Hyades (750±150 Myr; Brandt & Huang 2015), as was originally noted by Bryja et al. (1992).
We can however use the kinematic information, both from our own astrometry and the literature, to
reassess its potential membership. We have projected the space velocity of the Hyades, (U, V,W ) =
(42.3,−19.1,−1.5) km s−1 (de Bruijne et al. 2001), into proper motion and radial velocity using
our RA, Dec, and parallax of LP 415-20. We simulate the 0.3 km s−1 velocity dispersion of the
Hyades and our parallax uncertainty in a Monte Carlo fashion, finding µα∗ = 132.2± 4.4 mas yr−1,
µδ = −42.8 ± 2.1 mas yr−1, and vrad = 38.8 ± 0.3 km s−1. In comparison, our measured absolute
proper motion is 126.1±0.7 mas yr−1 and −38.2±0.8 mas yr−1, which is only 8.5±3.4 mas yr−1 (1.6±
0.5 km s−1) away from the predicted proper motion assuming Hyades kinematics. Thus, under these
assumptions, the motion of LP 415-20AB appears fairly inconsistent (2.5σ) with membership. The
mean radial velocity of the two components from Konopacky et al. (2010) is 40.8±1.4 km s−1, only
2.0± 1.4 km s−1 different from the predicted Hyades value. The full 3-d distance in UVW between
the proper motion and RV measurements and the predicted Hyades values is 2.7 ± 1.1 km s−1,
indicating that it is only a marginal candidate for membership in the Hyades. However, if the
velocity dispersion of the Hyades were larger than currently thought, e.g., 1 km s−1 as is seen for
other young clusters, then LP 415-20AB would be a stronger candidate member.
B.3. SDSS J0423−0414AB (L6.5+T2)
SDSS J0423−0414AB has the lowest total mass in our sample (83 ± 3MJup), and it also
has a well determined mass ratio from our CFHT data (0.62 ± 0.04), yielding individual masses
of 51.6+2.3−2.5MJup and 31.8
+1.5
−1.6MJup. Our total-mass analysis gives an SM08 model-derived mass
ratio of 0.65+0.05−0.06, in good agreement with our measurement, and a system age of 0.81
+0.07
−0.09 Gyr. In
contrast, Lyon Cond models give a mass ratio of 0.80±0.05 (2.8σ discrepant with our measurement)
but a very similar age (0.80+0.07−0.08 Gyr). Our measured mass ratio of 0.62± 0.04 is much lower than
previous estimates, e.g., 0.8–1.0 from Burgasser et al. (2005) and 0.80±0.03 from Liu et al. (2010).
The case of SDSS J0423−0414AB is similar to SDSS J1052+4422AB (L6.5 ± 1.5+T1.5 ±
1.0, SM08 age of 1.04+0.14−0.15 Gyr), with a nearly identical primary mass but with mass and lumi-
nosity ratios further from unity. Like we find for SDSS J0423−0414AB, Dupuy et al. (2015b)
found a similar discrepancy between the measured and the Lyon model-derived mass ratios for
SDSS J1052+4422AB but agreement with SM08 models. Using the individual mass and luminos-
ity of each component independently, in both cases the Lyon models predict a younger age for
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the secondary as compared to the primary, ∆t = −0.44 ± 0.15 Gyr for SDSS J0423−0414AB and
−0.35+0.25−0.22 Gyr for SDSS J1052+4422AB. This is caused by the secondary being more luminous
than expected according to Lyon models, resulting in a younger model-derived age. In contrast,
SM08 models give a higher luminosity for the secondary because they predict that luminosity does
not fade as quickly during and immediately following the transition from cloudy to cloud-free at-
mospheres, which they prescribe ad hoc to occur as temperature drops from 1400 K to 1200 K.
The components of SDSS J0423−0414AB have SM08 model-derived temperatures straddling this
transition, 1430+30−40 K and 1200± 40 K.
Both components of SDSS J0423−0414AB have masses so low that they should never signif-
icantly deplete their initial supply of lithium (.55MJup; Chabrier & Baraffe 2000). However,
the monatomic lithium that is readily probed by the Li I doublet at 6708 A˚ can be removed
from the atmosphere chemically. Models from Lodders (1999) indicate that monatomic lithium
ceases to be the dominant lithium-bearing species below Teff ≈ 1500 K at pressures near the
photosphere (∼1 bar). Detailed spectral synthesis modeling shows that Li I absorption can in
fact persist to much lower temperatures (e.g., Pavlenko et al. 2000; Allard et al. 2001), and in-
deed it has been detected in objects as cool as WISE J1049−5319B (T0; Faherty et al. 2014;
Lodieu et al. 2015). Kirkpatrick et al. (2008) reported strong Li I absorption (EW = 11 A˚) in the
integrated-light spectrum of SDSS J0423−0414AB. This is consistent with our Lyon Cond model
analysis that predicts SDSS J0423−0414A should still possess all or most of its initial lithium,
log(Li/Liinit) = −0.04+0.04−0.20 dex, along with the previous detection of lithium in even cooler objects
than SDSS J0423−0414A.
B.4. 2MASS J0700+3157AB (L3+L6.5)
Our measured mass ratio of q = 1.08 ± 0.05 indicates that 2MASS J0700+3157B is in fact
slightly more massive than 2MASS J0700+3157A, despite the fact that it is 0.50±0.06 dex less lumi-
nous. Combined with our total mass of 141+4−5MJup, we find individual masses for 2MASS J0700+3157A
and 2MASS J0700+3157B of 68.0±2.6MJup and 73.0+2.9−3.0MJup, respectively. These masses and lu-
minosities result in very different SM08 model-derived ages, 0.76+0.09−0.14 Gyr for 2MASS J0700+3157A
and 7.8+2.8−5.2 Gyr for 2MASS J0700+3157B, or in other words, a difference of ∆ log t = 1.00
+0.29
−0.20 dex.
The most natural explanation is that 2MASS J0700+3157B is an unresolved binary itself
composed of two brown dwarfs. We performed a simple test, dividing the mass and luminos-
ity of 2MASS J0700+3157B in two (36.7 ± 1.5MJup, −4.75 ± 0.04 dex) and repeating our model
analysis. In this hypothetical scenario, we found model-derived ages that agreed better between
2MASS J0700+3157A and 2MASS J0700+3157B (∆ log t = 0.18+0.09−0.07 dex for SM08, −0.09+0.09−0.08 dex
for Cond).
Interestingly, the total mass of 2MASS J0700+3157AB is not high enough to betray its un-
resolved higher-order multiplicity without additional mass-ratio information. When we performed
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our total-mass analysis, evolutionary models are able to self-consistently apportion the total mass
between the two components at their appropriate luminosities at a single coeval age (1.9+0.6−0.7 Gyr
for SM08, 2.1+0.4−0.6 Gyr for Cond). But the model-derived mass ratio, e.g., 0.86
0.04−0.03 from Cond, is
3.4σ lower than we measure. This case highlights the important role directly measured mass ratios
play in the substellar regime, where a given mass does not correspond to a particular luminosity
or spectral type unlike for main-sequence stars.
Thorstensen & Kirkpatrick (2003) reported a lack of Li I absorption in the integrated-light
spectrum of 2MASS J0700+3157AB (EW < 0.3 A˚). This is consistent with the prediction from Lyon
models that the 68.0±2.6MJup primary should deplete 99.9% of its lithium within ≈200 Myr. Given
the unknown nature of the unresolved secondary’s individual components, it is not clear whether
or not they should cause lithium absorption to the integrated-light spectrum. When present,
lithium is routinely detected at EW ∼ 10 A˚ in late-L dwarfs, so it seems plausible that if one
of the unresolved components of 2MASS J0700+3157B were lithium-bearing it would have been
detectable even when diluted by up to a factor of ∼20 in flux given typical detection limits of EW
∼ 0.5 A˚. The lack of a Li I detection therefore hints at two possible scenarios for the unresolved
components. (1) A lithium-depleted higher mass object is paired with a lower mass object that
either has lithium but is too diluted in flux or has lithium in molecular form only (LiCl, LiOH)
because it is very cool. (2) 2MASS J0700+3157B is composed of two cool, chemically depleted
objects. In the equal-flux, equal-mass scenario, the absolute magnitudes of the components would
be MJ = 15.06 ± 0.04 mag and MK = 13.44 ± 0.04 mag (MKO), roughly consistent with the faint
end of field objects with spectral type L7–T0 (see Table 15 of Dupuy & Liu 2012). This is the same
range of spectral type over which lithium becomes undetectable in field objects, with later-type
objects being more likely to be chemically depleted in lithium. Later-type objects would also display
some methane absorption, and this could be detectable in the spectrum of 2MASS J0700+3157B
even if it were somewhat diluted by an earlier type component. No evidence of methane is seen
in the integrated light spectrum of 2MASS J0700+3157 (see Figure 13 of Dupuy & Liu 2012), so
resolved spectroscopy with AO or spectroastrometry will be needed to further examine the possible
presence of an unresolved methane-bearing component.
2MASS J0700+3157 was originally discovered by Thorstensen & Kirkpatrick (2003) as an un-
resolved single L3.5 dwarf displaying parallax and proper motion during the course of an astrometry
program targeting cataclysmic variables. Therefore, unlike most other known ultracool dwarfs, the
discovery of 2MASS J0700+3157 did not involve a traditional magnitude-selected sample, which
would have been subject to Malmquist bias favoring the discovery of such high-order multiples.
However, our own dynamical-mass sample is more complete for the most massive systems as they
orbit faster at a given semimajor axis (P ∝ Mtot−1/2), and our orbit determinations are mostly
limited by having sufficient time baseline. Therefore, our dynamical-mass sample is slightly biased
toward more massive systems. As example of the potential amplitude of such bias, the period we
measure for 2MASS J0700+3157AB is 23.9±0.5 yr, but if this system contained only 23 of the mass
the period would have been 29.3 yr.
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B.5. LHS 1901AB (M7+M7)
In our previous work, we used a parallax of 77.8±3.0 mas from Le´pine et al. (2009) to compute
a total mass of 203+26−22MJup (Dupuy et al. 2010). Our new more accurate parallax from CFHT
(76.4± 1.1 mas) and updated orbit determination results in a consistent but more precise mass of
213+9−10MJup. We also now have directly measured individual masses of 113 ± 8MJup and 99 ±
7MJup, based on our mass ratio of 0.87
+0.09
−0.11. In our total-mass analysis, the BHAC model-derived
mass ratio is somewhat higher but consistent within the errors (0.97+0.03−0.04), as expected given that
the luminosity ratio is near unity (∆ log(Lbol) = 0.04 ± 0.03 dex). Given our measured masses
and luminosities, LHS 1901AB is consistent with being a main-sequence stellar binary, with a
correspondingly unconstrained age (BHAC models only give a 3σ lower limit of >0.3 Gyr from our
total mass analysis). As noted by Dupuy et al. (2010), this system is likely to be old given that
it is lacking Hα emission, which is unusual for late-M dwarfs (e.g., West et al. 2008). Finally, we
note that in our latest CFHT imaging from 2016 that we do not use here, LHS 1901AB has become
blended with a background source that had previously been well separated, making these images
unusable for absolute astrometry.
B.6. 2MASS J0746+2000AB (L0+L1.5)
The masses of 2MASS J0746+2000A (82.4+1.4−1.5MJup) and 2MASS J0746+2000B (78.4±1.4MJup)
have the highest fractional precision (2%) of any individual masses in our sample. Given our de-
termination of the substellar boundary of ≈70MJup, the masses indicate that this binary is pair
of stars and that neither is a brown dwarf, in contrast to the analysis of Bouy et al. (2004) but
in agreement with Gizis & Reid (2006). Our measured mass ratio of 0.952+0.026−0.027 agrees well with
the BHAC model-derived mass ratio from our total mass analysis (0.957+0.012−0.010), indicating that
our masses and luminosities follow BHAC isochrones well. However, because the components
of 2MASS J0746+2000AB are both main-sequence stars, the age is essentially unconstrained by
models, which only give 3σ lower limits of >0.9 Gyr for 2MASS J0746+2000A and >1.0 Gyr for
2MASS J0746+2000B.
One of the components of 2MASS J0746+2000AB is a radio emitter with a rotation period of
2.0720± 0.0018 hr (Berger et al. 2009). In addition, Harding et al. (2013) report optical variability
in integrated light with a period of 3.32± 0.15 hr. Unfortunately, it is not known which component
corresponds to which period. Konopacky et al. (2012) report v sin i? = 19 ± 2 km s−1 and 33 ±
3 km s−1 for the primary and secondary components, respectively, suggesting that the secondary
may be radio emitter. We consider this possibility (Case I) and the alternative (Case II) and
compare the implied stellar radii from combining the rotation periods with projected rotational
velocities to the radii predicted from evolutionary models. In Case I, we compute minimum radii
of the primary and secondary of R sin i? = 0.50 ± 0.06RJup and 0.55 ± 0.05RJup, respectively. In
Case II we compute minimum radii of the primary and secondary of R sin i? = 0.32±0.03RJup and
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0.89± 0.09RJup, respectively.
BHAC models predict radii of 0.959+0.007−0.008RJup and 0.914
+0.007
−0.008RJup for the primary and sec-
ondary, respectively. Both possibilities that we consider are consistent with these model radii,
i.e., no minimum radii are larger than these values, but they would correspond to very different
projected alignments of the stellar spin axes. In Case I, inclinations of i? = 32 ± 4◦ and 37 ± 4◦
for the primary and secondary, respectively, would be needed to match the model radii. This is
consistent with co-alignment of stellar spin axes, as well as rough alignment with the orbital plane
(i = 138.56+0.20−0.21
◦ means that the spin axes would need to be i? = 138.56◦ or 41.44◦ to be aligned).
In contrast, for Case II projected stellar inclinations of i? = 19 ± 2◦ and 67 ± 4◦ for the primary
and secondary, respectively, would be needed to match the model radii. This would rule out either
of the stellar spin axes from being aligned with each other or with the orbital plane. We conclude
that Case I is more likely because of the remarkable coincidence of the stellar spin axes and orbital
inclination all being within ±5◦ of each other. However, we note that this is still only a probabilistic
argument and that the stellar spin axis angles are only seen in projection, and we cannot rule out
determine if they are aligned or misaligned out of the plane of the sky.
B.7. 2MASS J0920+3517AB (L5.5+L9)
The integrated-light spectral type of 2MASS J0920+3517AB is L6.5 in the optical (Kirkpatrick
et al. 2000) and T0p in the infrared (Burgasser et al. 2006a). We determined component types
of L5.5 ± 1.0 and L9.0 ± 1.5 from spectral deconvolution (Dupuy & Liu 2012). It is therefore
surprising that we find a mass of 116+7−8MJup for the fainter 2MASS J0920+3517B, much higher
than the substellar boundary (≈70MJup). Moreover, the total system mass 187±11MJup suggests
that there is more mass in this system than two brown dwarfs. The most plausible explanation is
that 2MASS J0920+3517B is itself an unresolved binary.
Using only the primary mass (71 ± 5MJup) and luminosity, SM08 models give an essentially
unconstrained age of 7+3−5 Gyr and Cond models give a somewhat more tightly constrained age of
3.1+1.5−1.7 Gyr. If we arbitrarily divide 2MASS J0920+3517B into two equal-mass (58
+3
−4MJup), equal-
luminosity components, then we find ages from SM08 (2.3+0.3−0.4 Gyr) and Cond (1.99
+0.25
−0.37 Gyr) that
are in reasonable agreement with the primary. Therefore, the model-derived ages are consistent
with the hypothesis that 2MASS J0920+3517B is an unresolved, nearly equal-mass binary.
The nondetection of Li I absorption in the integrated light spectrum (<0.5 A˚; Kirkpatrick et al.
2000) is consistent with the fact that the primary mass (71± 5MJup) is well above the 55–60MJup
lithium depletion boundary at field ages (Section 7.2). In principle, a lithium-bearing component
in 2MASS J0920+3517B could still be detectable even when diluted by the somewhat brighter
2MASS J0920+3517A (∆F814W = 0.30 ± 0.10 mag). In our hypothetical equal-mass binary sce-
nario for 2MASS J0920+3517B, our interpolation of Cond models predicts only modest lithium de-
pletion of log(Li/Liinit) = −0.0215+0.0019−0.0018 dex for the components. The case of 2MASS J0920+3517B
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is therefore quite similar to that of 2MASS J0700+3157B, which we discussed in detail above. We
note that while the unresolved components of 2MASS J0920+3517B are likely both substellar, the
primary 2MASS J0920+3517A could be a star or brown dwarf within the measurement uncertain-
ties.
B.8. 2MASS J1017+1308AB (L1.5+L3)
2MASS J1017+1308AB (L1.5+L3) has one of the larger fractional uncertainties in total mass
(+9−12%) in our sample, owing to a somewhat large parallax uncertainty (3.4%). Our directly mea-
sured mass ratio (0.92 ± 0.08) results in component masses of 81+10−11MJup and 75 ± 7MJup. Our
measured mass ratio agrees well with the model-derived mass ratios from our total mass analysis
(0.987+0.017−0.015 from BHAC, and SM08 gives essentially the same result). This means that our in-
dividual masses and luminosities agree with both model mass–luminosity relations, although this
system does not offer a very strong test of models given the near-unity mass and luminosity ratios.
Because the components of 2MASS J1017+1308AB are both likely main-sequence stars, the system
age is essentially unconstrained by models, which only give 3σ lower limits of >0.6 Gyr (BHAC)
and >0.5 Gyr (SM08) from our total-mass analysis.
B.9. 2MASS J1047+4026AB a.k.a. LP 213-68AB (M8+L0)
We measure a total mass of 178+11−12MJup for 2MASS J1047+4026AB and individual masses of
97+6−7MJup and 80 ± 6MJup. Our measured mass ratio of 0.82 ± 0.06 agrees somewhat lower than
but consistent within the uncertainties of the BHAC model-derived mass ratio from our total-mass
analysis (0.947 ± 0.029), indicating that our masses and luminosities are consistent with BHAC
isochrones. However, because the components of 2MASS J1047+4026AB are both main-sequence
stars, the age is essentially unconstrained by models, which only give a 3σ lower limits of >0.5 Gyr
from our total mass analysis.
The M8 dwarf 2MASSW J1047138+402649 (a.k.a. LP 213-68) is a proper motion companion
to the M6.5 dwarf LP 213-67 (2MASSW J1047126+402643, 14.′′4 away) as described by Gizis et al.
(2000a) in their paper presenting the discovery of both objects as ultracool dwarfs. Close et al.
(2003) reported the discovery of several binaries from their Gemini AO survey, but they report
conflicting information regarding this source. Close et al. (2003) use the 2MASS name of the M6.5
dwarf LP 213-67 but refer to the object they observed as an M8 dwarf. We believe that they indeed
observed the M8 dwarf LP 213-68, given that we have observed more than a full orbital period
of this binary with Keck and the separation and PA reported by Close et al. (2003) agree very
well with our orbit. If Close et al. (2003) observed LP 213-67, then it would have to be a binary
that happened to have a separation and PA matching our ephemeris for LP 213-68 at the epoch
of their observations, which would be a remarkable coincidence. Bouy et al. (2008) present Lick
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AO observations with very clear details indicating that they observed LP 213-68 (despite referring
to it by the 2MASS name of LP 213-67 in their tables), and their reported separation and PA
(106 ± 14 mas and 319.3 ± 1.0◦) agree reasonably well with our ephemeris for LP 213-68 at that
epoch (109 ± 2 mas and 307.3 ± 1.9◦). In contrast, Konopacky et al. (2010) report observations
that do not appear to be consistent with our ephemeris of LP 213-68. They detected a binary at
32±2 mas on 2006 Jun 21 UT but nothing outside of 47 mas on 2006 Nov 27 UT and 2007 Dec 2 UT.
Our ephemeris predicts separations and PAs on those respective dates of: 87± 5 mas and 292± 3◦;
101 ± 3 mas and 302 ± 2◦, and 117.5 ± 1.0 mas and 316.6 ± 1.6◦. It is possible that Konopacky
et al. (2010) observed the M6.5 dwarf LP 213-67 instead of the M8 dwarf LP 213-68 because their
tables use the 2MASS name and coordinates of LP 213-67. We conclude that this is the most
likely explanation for their measurements. Interestingly, this implies that the M6.5 companion is
also a binary, even tighter than LP 213-68, making this a hierarchical quadruple system. Unlike
other known quadruples containing ultracool dwarfs (e.g., Gl 337, 2MASS J04414565+2301580)
the LP 213-67/LP 213-68 system seems to be entirely composed of >M6 dwarfs.
B.10. SDSS J1052+4422AB (L6.5+T1.5)
The properties of SDSS J1052+4422AB are discussed in detail in Dupuy et al. (2015b). Our
new homogeneous analysis here results in slightly revised properties for both mass and luminosity,
but the key results are unchanged. Our measured mass ratio of 0.78±0.07 is further from unity than
expected given the near-unity luminosity ratio ∆ log(Lbol) = 0.13±0.08 dex. The mass ratio derived
from SM08 models (0.82+0.09−0.11, 0.3σ different) provides a better match to our measurement than
Cond models (0.91± 0.05, 1.5σ different). Or put in terms of age, our directly measured individual
masses and luminosities yield ages that agree within the errors from SM08 models (∆ log t =
−0.02± 0.12 dex) but somewhat discrepant ages from Cond models (∆ log t = −0.15± 0.10 dex).
B.11. Gl 417BC (L4.5+L6)
The properties of Gl 417BC and corresponding astrophysical interpretation are discussed in
detail in Dupuy et al. (2014). Our new homogeneous analysis here results in slightly revised
properties for both mass and luminosity, but the key results are unchanged.
Gl 417 is the only system in our sample for which a Gaia DR1 parallax is available from the
Tycho-Gaia Astrometric Solution (Lindegren et al. 2016). Unfortunately, this parallax (43.86 ±
0.34 mas) is 3.1σ discrepant with the Hipparcos value (45.61± 0.44 mas) used in our previous work
and the analysis presented here. If we adopt the Gaia-DR1 parallax, the total mass would be higher
(111.6+2.9−3.1MJup, compared to 99.2
+3.0
−3.3MJup), the component luminosities would be 0.03 dex higher,
and the model-derived ages would be correspondingly older. Using the Hipparcos parallax, both
BHAC and SM08 models give an age of 490+30−40 Myr, but using the Gaia-DR1 parallax the BHAC
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and SM08 models would give ages of 620 ± 40 Myr and 600 ± 40 Myr, respectively. Such older
ages are more consistent with the gyrochronology-derived age of 740+150−120 Myr for the primary star
Gl 417A and would consequently reduce the significance of the substellar “luminosity problem”
for this system. The quality of Gaia-DR1 parallaxes have only just begun to be assessed by
the community, and we defer judgment on the discrepancy for this system until the Tycho-Gaia
Astrometric Solution errors are better understood.
B.12. LHS 2397aAB (M8+L dwarf)
We originally presented an analysis of this system based on the total mass alone in Dupuy
et al. (2009c), but we noted that the photocenter orbit should be readily measurable given a long
enough time baseline. Indeed, we detect the photocenter motion of LHS 2397aAB at the highest
significance of any binary in our sample (37σ), allowing us to measure a mass ratio of 0.706+0.027−0.028.
Only the Cond models cover the mass and luminosity of both the primary and secondary, and
they predict a mass ratio (0.75+0.07−0.04) that is in excellent agreement with our much more precise
measurement. As expected, the primary is a star (93 ± 4MJup), and the secondary is consistent
with being substellar (66± 4MJup). The Cond model-derived age of the secondary is 2.6+0.6−1.0 Gyr,
while the age of the primary is essentially unconstrained but consistent with the secondary. The
SM08 models give a similar age for the secondary of 2.8+2.1−1.5 Gyr.
Despite the fact that the components of LHS 2397aAB are different in luminosity by 1.14 ±
0.06 dex, further from unity than any other binary in our sample, the fact that the components are
a star and a brown dwarf means that this system on its own does not actually provide a strong
test of the mass–luminosity relation predicted by models. Such a wide range of ages are allowed
for the primary given that it is on the main sequence that models are free to match the mass and
luminosity of the secondary exactly by fine-tuning the age. Models predict that LHS 2397aB is
strongly depleted in lithium, log(Li/Liinit) = −1.8+0.7−0.6 dex, which is consistent with the nondetection
(EW < 0.5 A˚) in the integrated-light spectrum from Reiners & Basri (2009).
B.13. Kelu-1AB (L2+L4)
Kelu-1AB is the only one of our sample binaries with a CFHT parallax but without a measured
mass ratio, owing to the relatively short time baseline (2.26 yr) of the available CFHT observations.
Moreover, our parallax (48.0±2.2 mas) disagrees somewhat with other comparably precise published
values of 53.6 ± 2.0 mas (Dahn et al. 2002) and 51.75 ± 1.16 mas (Weinberger et al. 2016). Using
our parallax, the total mass is 180+22−26MJup. In comparison, the Dahn et al. (2002) parallax gives
129+13−16MJup and the Weinberger et al. (2016) parallax gives 144
+9
−10MJup. Given the lack of mass
ratio information and that the published parallaxes, including our own, span such a wide range of
possible masses, we exclude Kelu-1AB from our analysis. The fact that Li I absorption is detected
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in integrated light (EW = 1.7 A˚; Kirkpatrick et al. 1999) implies that at least one component in the
system should be .60MJup according to BHAC models, which would potentially favor the lower
system mass (larger parallax). Liu & Leggett (2005) noted that the components of Kelu-1AB might
straddle the lithium fusion boundary, providing a uniquely constraining test of models. However,
the current uncertainty in the dynamical mass is too large to distinguish whether the components
of Kelu-1AB are both stars or brown dwarfs, let alone assess whether they are lithium bearing.
In unrefereed work, Stumpf et al. (2008) proposed that Kelu-1AB is a triple system. They
computed a dynamical mass with large errors (185+118−58 MJup)
14 and found anH-band feature in their
resolved spectrum of Kelu-1A that they claimed as evidence of an unresolved T-dwarf companion.
This feature is strong enough that it should appear in the integrated-light spectrum of the whole
system even after being diluted by Kelu-1B, but an inspection of the published unresolved spectrum
of Kelu-1AB shows no such feature. We therefore conclude that there is no strong evidence that
Kelu-1AB is actually a triple system.
B.14. 2MASS J1404−3159AB (L9+T5)
2MASS J1404−3159AB is a J-band flux-reversal binary (Looper et al. 2008), and using our
photometry here we find component spectral types of L9.0± 1.0 and T5.0± 0.5 by spectral decom-
position, making 2MASS J1404−3159B one of the latest-type objects in our sample. We have a well
determined total mass (120+11−13MJup) and mass ratio (0.84 ± 0.06), resulting in individual masses
of 65 ± 6MJup and 55+6−7MJup. In our total-mass analysis, both sets of models give mass ratios
in good agreement with our measurement (0.79+0.08−0.11 from SM08 and 0.85
+0.07
−0.06 from Cond). The
model-derived ages are also consistent with SM08 giving 3.0+0.8−1.3 Gyr and Cond giving 2.5
+0.6
−0.9 Gyr.
The only other J-band flux-reversal binary in our final mass sample is SDSS J1052+4422AB,
and its mass ratio of 0.78±0.07 is similar to that of 2MASS J1404−3159AB. (Note that SDSS J1534+1615AB
is a J-band flux-reversal binary in our input sample, but it does not have a secure orbit de-
termination.) However, in that case there were discrepancies between models and observations
due to the fact that Lyon models, either Cond here or Dusty in Dupuy et al. (2015b), pre-
dicted a much steeper drop in luminosity given the change in mass. The lack of such discrep-
ancies for 2MASS J1404−3159AB is because despite having a similar mass ratio, its luminosity
ratio is much further from unity, ∆ log(Lbol) = 0.35 ± 0.09 dex compared to 0.13 ± 0.08 dex for
SDSS J1052+4422AB. The SM08 model-derived temperature for 2MASS J1404−3159A (1400+40−50 K)
is comparable to that of SDSS J1052+4422A (1366+25−29 K), while 2MASS J1404−3159B (1190±50 K)
is slightly cooler than SDSS J1052+4422B (1270± 40 K).
2MASS J1404−3159A is consistent with being massive enough that it would be depleted in
14We quote the mass implied by their given period and semimajor axis, because their own quoted mass seems to
assume a conversion factor of 1000MJup/M, not the correct 1048MJup/M.
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lithium, log(Li/Liinit = −1.0+1.0−0.5 dex, although within 1σ range includes the possibility that it has
not depleted any lithium. In contrast, Cond models predict that 2MASS J1404−3159B retains
almost all of its initial lithium, log(Li/Liinit = −0.018+0.003−0.006 dex. However, the T5 spectral type of
2MASS J1404−3159B suggests that no Li I will be observable in its spectrum because monatomic
lithium will be chemically depleted into LiCl and/or LiOH. No optical spectroscopy is yet available
to test these model predictions of lithium depletion, or lack thereof, for this system.
B.15. HD 130948BC (L4+L4)
The properties of HD 130948BC and corresponding astrophysical interpretation are discussed
in detail in Dupuy et al. (2009b) and updated in Dupuy et al. (2014). Our new homogeneous
analysis here results in slightly revised properties for both mass and luminosity, but the key results
are unchanged. (HD 130948A does not appear in the Gaia-DR1 Tycho-Gaia Astrometric Solution
catalog of parallaxes.)
B.16. Gl 569Bab (M8.5+M9)
In our previous work, we used Keck and HST data to measure the orbit of Gl 569Bab, finding
a semimajor axis of 95.6+1.1−1.0 mas (Dupuy et al. 2010) from which we computed a system mass
of 147+9−8MJup. We discussed why this may be discrepant with other literature measurements,
the smallest of which was 90.4 ± 0.7 mas from Simon et al. (2006). Our new measurement of
93.64 ± 0.14 mas, based on a much more extensive data set with better orbital phase coverage, is
still inconsistent (4.1σ) with the Simon et al. (2006) value, and it is also 2.0σ smaller than our
previously published value. This results in a somewhat smaller system mass of 138±7MJup, which
is only 0.8σ different from our previously published value, because the error is dominated by the
Hipparcos parallax (σpi/pi = 0.016) not our semimajor axis measurement (σa/a = 0.0016). (Gl 569A
does not appear in the Gaia-DR1 Tycho-Gaia Astrometric Solution catalog of parallaxes.)
The BHAC model-derived age of Gl 569Bab is 440+50−60 Myr, in good agreement with our past
work (460+70−110 Myr from Dusty models; Dupuy et al. 2010). The model-derived mass ratio is
q = 0.85± 0.03, or 1/q = 1.17± 0.05. This is in good agreement with the measured mass ratio of
1/q = 1.4 ± 0.3 based on a homogeneous analysis of radial velocities by Konopacky et al. (2010).
The model-derived individual masses are 75±4MJup and 64±4MJup. Using our total mass and the
mass ratio from Konopacky et al. (2010) results in individual masses of 80+9−8MJup and 58
+7
−9MJup.
In both cases, given our empirical substellar boundary of ≈70MJup, Gl 569Bb is likely a brown
dwarf and Gl 569Ba could be a brown dwarf or a star.
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B.17. 2MASS J1534−2952AB (T4.5+T5)
In our previous work, Liu et al. (2008) used a parallax of 73.6 ± 1.2 mas from Tinney et al.
(2003) and a different orbit analysis method to determine a total dynamical mass of 59 ± 3MJup.
Our CFHT parallax (first published in Dupuy & Liu 2012) is 63.0 ± 1.1 mas, putting this binary
significantly farther away and thus making its semimajor axis and mass measurements larger. Liu
et al. (2008) quoted a total mass of 58.3+2.0−1.8M at a fixed parallax of 73.6 mas. We can therefore
readily compute how the total mass from that orbit analysis would have changed if we instead use
our parallax, finding 92.9+3.2−2.8MJup at a fixed parallax of 63.0 mas. The dynamical mass we derive
here with more data and a different analysis method is 99.5+0.8−0.6MJup at a fixed parallax of 63.0 mas,
which is somewhat higher but consistent within 2σ. As discussed in Section 4.2, this is largely due
to a difference in eccentricity prior for this nearly circular orbit. After incorporating the parallax
uncertainty, our newly determined total mass is 99± 5MJup.
In our total-mass analysis, SM08 models give an age of 3.0+0.4−0.5 Gyr, which is somewhat older
than the Cond age of 2.25+0.29−0.32 Gyr. Models give consistent mass ratios of 0.96± 0.06 (SM08) and
0.95 ± 0.07 (Cond), which agree well with our measured mass ratio of 0.95+0.13−0.16. Thus, properties
derived from our total-mass analysis agree well with our individual-mass analysis, and the two
components are coeval according to models. With individual masses of 51±5MJup and 48±5MJup,
both components are predicted by Cond models to have retained ≥95% (1σ) of their initial lithium.
No Li I absorption is observed in the integrated light spectrum of 2MASS J1534−2952AB (Burgasser
et al. 2003a), implying that monatomic lithium is likely chemically depleted into LiCl and/or
LiOH as expected. The component temperatures derived from Cond models are 1170 ± 50 K and
1110+40−50 K. This provides an empirical lower limit on the effective temperature at which lithium
is chemically depleted for field brown dwarfs. Finally, we note that despite being the latest-type
binary in our sample, the components of 2MASS J1534−2952AB are in fact similar in mass to
some of the L and early-T dwarfs in our sample (e.g., SDSS J0423−0414A, SDSS J1052+4422A,
Gl 417B, and Gl 417C).
B.18. 2MASS J1728+3948AB (L5+L7)
Combining our total mass (140+7−8MJup) and mass ratio (0.93
+0.11
−0.13) gives individual masses
of 73 ± 7MJup for 2MASS J1728+3948A (L5 ± 1) and 67 ± 5MJup for 2MASS J1728+3948B
(L7± 1). In our total-mass analysis, models give mass ratios in good agreement with our measure-
ment, and correspondingly the ages derived in our individual-mass analysis are consistent between
primary and secondary. The total-mass analysis gives the tightest age constraints of 3.4+2.8−2.1 Gyr
(SM08) and 2.9+0.7−1.1 Gyr (Cond). 2MASS J1728+3948A is predicted to be strongly depleted of
lithium, with log(Li/Liinit) = −2.9+0.4−0.7 dex, while within 1σ 2MASS J1728+3948B ranges from
somewhat to severely depleted in lithium, log(Li/Liinit) = −1.5+0.7−0.6 dex. Given these predictions
it would be possible for the integrated-light spectrum to show weak lithium absorption due to
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2MASS J1728+3948B. The lack of a strong Li I detection (EW < 4 A˚) by Kirkpatrick et al. (2000)
does not rule out such weak absorption, although it is also consistent with both components being
fully depleted of lithium. In that case, this nondetection of lithium would be an indication that the
secondary mass is on the higher side of our quoted 1σ intervals.
B.19. LSPM J1735+2634AB (M7.5+L0)
Combining our total mass (187±7MJup) and mass ratio (0.868+0.023−0.025) gives individual masses of
100±4MJup for LSPM J1735+2634A (M7.5) and 87±3MJup for LSPM J1735+2634B (L0). Having
one of the more precise mass ratios, and one that is further from unity than most, LSPM J1735+2634AB
provides a good test of the model-predicted mass–luminosity relation. In our total-mass analysis,
BHAC models predict a mass ratio of 0.913+0.019−0.017, which is only marginally (1.6σ) higher than we
measure. Because the components of LSPM J1735+2634AB are both likely main-sequence stars,
the age is essentially unconstrained by models, which only give a 3σ lower limit of >0.6 Gyr from
both total-mass and individual-mass analyses.
B.20. 2MASS J2132+1341AB (L4.5+L8.5)
Combining our total mass (128+7−8MJup) and mass ratio (0.88
+0.04
−0.05) gives individual masses of
68±4MJup for 2MASS J2132+1341A (L4.5±1.5) and 60±4MJup for 2MASS J2132+1341B (L8.5±
1.5). In our total-mass analysis, models give mass ratios in good agreement with our measurement,
and correspondingly the ages derived in our individual mass analysis are consistent between primary
and secondary. The total-mass analysis gives the tightest age constraints of 1.44+0.26−0.37 Gyr (SM08)
and 1.71+0.28−0.38 Gyr (Cond). 2MASS J2132+1341A is predicted to be severely depleted of lithium,
while 2MASS J2132+1341B straddles the lithium-fusion boundary within the errors but is predicted
to mostly be above it and thus not strongly depleted in lithium, log(Li/Liinit) = −1.1+1.1−0.4. If Li I
were present, then Cruz et al. (2007) would likely have detected it in their integrated-light spectrum
of 2MASS J2132+1341, although they do not quote EW limits. Their lack of a detection is would
be more consistent with the model predictions if 2MASS J2132+1341B is on the more massive end
of our measurement uncertainties.
B.21. 2MASS J2140+1625AB (M8+L0.5)
Our measured mass ratio for 2MASS J2140+1625AB is quite low (0.60+0.07−0.08), such that it
divides up our total mass (183+14−17MJup) into a quite massive M8 primary (114
+10
−12MJup) and a
rather low-mass L0.5 secondary (69+8−9MJup). This is strongly disfavored by models, mainly because
the primary is much less luminous than expected for such a high mass. Our total-mass analysis
using BHAC models predicts a mass ratio of 0.882+0.028−0.024, 3.8σ discrepant with our measurement.
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Interestingly, both our total-mass and individual-mass analyses end up with an essentially identical
total mass as we measure. The individual-mass analysis demonstrates how this can be the case
despite such a discrepant model-derived mass ratio: the primary mass after performing rejection
sampling was 1.7σ lower than we input, and the secondary mass was 2.0σ higher than we input.
This apparent discrepancy could be jointly due to two smaller (≈1.5σ) discrepancies in the
measured mass ratio and parallax. 2MASS J2140+1625 has one of the less precise mass ratios in
our sample and a 3% parallax uncertainty that leads to an atypically large total mass error (+8−9%).
Therefore, higher-precision data would be useful in determining if 2MASS J2140+1625AB is truly
an astrophysical outlier.
B.22. 2MASS J2206−2047AB (M8+M8)
In our previous work, we used a parallax of 37.5±3.4 mas from Costa et al. (2006) to determine
a dynamical total mass and model-derived properties (Dupuy et al. 2009a). Our CFHT parallax
of 35.7 ± 1.2 mas was first presented in Dupuy & Liu (2012), and the updated analysis here gives
35.8 ± 1.0 mas, which allows for a more precise total mass than in Dupuy et al. (2009a) as well
as individual masses from our photocenter analysis. Our total mass is 188+16−17MJup, consistent
with our previous measurement of 160+50−30MJup (Dupuy et al. 2009a). Our measured mass ratio of
0.84+0.09−0.10, consistent with the BHAC model-derived value of 0.986
+0.028
−0.029, gives component masses of
102+10−11MJup and 86
+8
−10MJup. In both total-mass and individual-mass analyses, rejection sampling
results in slightly higher secondary masses and lower primary masses in the output distributions
(96MJup and 95MJup) but they are consistent with the inputs to within ≤1σ. The masses and
luminosities of 2MASS J2206−2047AB are consistent with this being a pair of main-sequence stars,
with BHAC models giving a 3σ lower limit on the age of >0.27 Gyr.
B.23. DENIS J2252−1730AB (L4+T3.5)
Combining our total mass (101± 7MJup) and mass ratio (0.70+0.08−0.09) gives individual masses of
59±5MJup for DENIS J2252−1730A (L4.0±1.0) and 41±4MJup for DENIS J2252−1730B (T3.5±
0.5). Therefore, both components are unambiguously substellar. In our total-mass analysis, SM08
models prefer a somewhat lower mass ratio (0.57+0.03−0.05), consistent with our measurement within the
uncertainties, while Cond models predict a somewhat higher mass ratio (0.71+0.05−0.04). Both sets of
models give consistent ages, with the total mass analysis providing the tightest age constraints of
1.11+0.19−0.22 Gyr (SM08) and 1.10
+0.15
−0.18 Gyr (Cond). According to Cond models, DENIS J2252−1730B
is predicted to have retained nearly all its lithium, while DENIS J2252−1730A straddles the lithium
fusion boundary within the errors, log(Li/Liinit) = −2.1+0.7−1.5 dex. DENIS J2252−1730B is quite
cool (1230+50−60 K, Cond) and thus may not be expected to display Li I in absorption due to being
chemically depleted. DENIS J2252−1730A on the other hand is an L2 dwarf that should be
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amenable to lithium-absorption measurement. Reid et al. (2008b) obtained an integrated-light
optical spectrum for this relatively bright binary and did not report lithium absorption for this
source. This suggests that DENIS J2252−1730A is indeed above the lithium-fusion limit and thus
its true mass may be in the higher range of our quoted 1σ mass interval.
– 72 –
100 0 −100
∆α cosδ (mas)
−100
0
100
∆δ
 
(m
as
)
parallax epochs
VLT
PUEO
Keck
LP349−25AB
60
80
100
120
140
Se
pa
ra
tio
n 
(m
as
)
0
50
100
150
200
PA
 (o
)
−0.5
0.0
0.5
O
−C
2004 2008 2012
Epoch (yr)
−0.5
0.0
0.5
O
−C
2008 2010 2012 2014 2016 2018
Epoch (yr)
−10
0
10
20
PM+parallax subtracted
−50
0
50
PM+orbit subtracted
∆α
 
co
sδ
 
(m
as
)
2008 2010 2012 2014 2016 2018
Epoch (yr)
−10
0
10
20
PM+parallax subtracted
−50
0
50
PM+orbit subtracted
∆δ
 
(m
as
)
Fig. 1.— Top left: resolved relative astrometry (filled symbols) shown alongside the best-fit orbit
(thick black line) and 100 randomly drawn orbits from our MCMC chain (thin gray lines). The
plotting symbols typically are larger than the error bars. Open blue circles indicate the epochs
at which we obtained unresolved CFHT/WIRCam astrometry. Top right: our relative astrometry
shown as a function of time (top sub-panels) and after subtracting the best-fit orbit solution (bottom
sub-panels). Bottom: CFHT/WIRCam astrometry from unresolved, seeing-limited imaging. Top
panels show the data with the proper motion and photocenter orbital motion subtracted in order
to display our best-fit parallax solution (thick black line). Bottom panels show the residuals and
our best-fit astrometric solution (thick black line) after subtracting our best-fit parallax and linear
motion as a function of time (including both true proper motion and linear orbital motion).
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Fig. 1.— (Continued)
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Fig. 2.— Posterior distributions of orbital parameters from our MCMC analysis. In histograms,
solid lines show the medians, dotted lines show the best-fit values, and dashed lines show the 68.3%
(1σ) credible intervals. In contour plots, regions containing 68.3% and 95.4% of the posterior are
indicated by black dashed lines and gray dash-dotted lines, respectively. Top right: the final poste-
rior in total system mass after including both the orbit and parallax uncertainties. Middle triangle
plot: Histograms and correlations for the astrophysical parameters of mass, period, semimajor axis,
and eccentricity. In the triangle plot neither mass nor semimajor axis includes the error in distance
from the parallax, thus showing the uncertainties and correlations in parameters from the orbit fit
alone. Bottom: Histograms of the various viewing angles that are part of the orbit fit.
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Fig. 3.— Mass as function of spectral type for objects with directly measured individual masses
in our sample (filled red circles) and from the literature (filled black diamonds). Open red circles
show objects from our sample with individual masses computed from our measured total mass and
SM08 model-derived mass ratios. The likely unresolved multiple systems (gray circles) have high
masses for their spectral type, as expected. Otherwise, no objects later than L4 have masses above
70MJup, implying that this is roughly the spectral type and mass corresponding to the hydrogen-
fusion limit for the field population. The lowest mass object in our sample (SDSS J0423−0414B) is
not the latest spectral type, illustrating that our field sample spans a range of ages. (For clarity of
viewing many data points at the same spectral type, small offsets to the spectral type values have
been added for plotting here.)
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Fig. 4.— Color–magnitude diagram (CMD) showing our dynamical mass sample with symbols
colored according to their directly measured individual masses. (The color bar is the same as used
in all other plots with this color scheme.) Up-pointing triangles indicate primary components, down-
pointing triangles indicate secondary components, and the field sequence is shown for reference as
gray squares using the latest compilation of ultracool dwarf parallaxes at http://www.as.utexas.
edu/~tdupuy/plx. (We plot only normal, single field objects that have S/N > 10 parallaxes and
J−K uncertainties <0.10 mag.) While mass generally decreases through the CMD sequence, there
is not a one-to-one correspondence with mass and CMD location given that our sample is drawn
from the field population of ultracool dwarfs spanning a range of ages. For example, the latest-type
T dwarfs (J − K = −0.5 to 0.0 mag) happen to not be the least massive objects in our sample.
By chance, the least massive objects are all located roughly in the middle of the L/T transition
(J − K = 0.5–1.0 mag). The massive object in the bottom right part of the CMD (black down-
pointing triangle near MJ = 14 mag) is 2MASS J0920+3517B, an unresolved pair of brown dwarfs
in a triple system.
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Fig. 5.— Absolute magnitude plotted as a function of spectral type for our dynamical mass sample
with symbols colored according to their directly measured individual masses. (The color bar is the
same as used in all other plots with this color scheme.) Up-pointing triangles indicate primary
components, down-pointing triangles indicate secondary components, and the field sequence is
shown for reference as gray squares using the latest compilation of ultracool dwarf parallaxes at
http://www.as.utexas.edu/~tdupuy/plx. (We plot only normal, single field objects that have
S/N > 10 parallaxes and J −K uncertainties <0.10 mag.) Our sample is broadly consistent with
the field sequence, indicating the accuracy of our spectral types that we derived by decomposing
each binary’s integrated-light spectrum using our resolved photometry and a library of spectral
templates. The largest outlier is 2MASS J0920+3517B (L9.0 ± 1.5 sitting well above the L/T
transition sequence on the J-band plot), which is consistent with our dynamical masses showing
that this is an unresolved pair of brown dwarfs in a triple system. 2MASS J0700+3157B, the other
such unresolved pair, is not an outlier on these plots because our derived spectral type (L6.5± 1.5)
and absolute magnitudes happen to be consistent with the field sequence.
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Fig. 6.— Luminosity as function of mass for objects with directly measured individual masses in
our sample (filled red circles) and from the literature (filled black diamonds). Open red circles
show objects from our sample with individual masses computed from our measured total mass and
SM08 model-derived mass ratios. Filled gray circles indicate the likely unresolved multiples in our
sample 2MASS J0920+3517B and 2MASS J0700+3157B. The other possible unresolved multiple
LP 415-20A (156+17−18MJup) does not appear on this plot because it is too massive. Cond model
isochrones are shown for reference, indicating that most objects in our sample are consistent with
having ages of ∼1–10 Gyr. For Gl 569Bab we use black diamonds to indicate that the literature
mass ratio is used to compute individual masses, even though it is in our sample and we use our
dynamical total mass here.
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Fig. 7.— Evolutionary models used in our analysis. Each colored line shows the predicted lumi-
nosity as a function of age for an object of given mass. The 75MJup, 70MJup, and 60MJup models
are plotted with thicker lines as a visual aid. All model masses are integer multiples of 0.001M
(1.048MJup), and only masses of 0.015–0.100M (15–105MJup) are plotted here. BHAC models
are uniformly sampled at steps of 0.001M over the range 0.050–0.070M (52–73MJup) and at
coarser steps at other masses. Dotted and dashed and lines indicate boundaries in lithium depletion
of 50% and 99.9% depleted, respectively. BHAC models are only available down to Teff ≈ 1300 K,
while SM08 models are only available below ≈2400 K. (The color bar is the same as used in all
other plots with this color scheme.)
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Fig. 7.— (Continued)
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Fig. 8.— Left panel: Total mass derived from models using the component luminosities over a range of ages (purple), where
the vertical extent of the shaded region corresponds to the 1σ uncertainties in the luminosities. Our measured total mass and
1σ confidence interval are shown by a solid line and dashed lines, respectively. (This panel is for display purposes only as our
actual analysis is based on rejection sampling as described in Section 6.) Middle panel: Our directly measured individual
masses and luminosities are plotted as black filled circles with 1σ error bars. Model isochrones are shown as gray lines. The
1σ interval in mass and luminosity after performing our rejection sampling analysis is shown by the colored error bars for the
primary (blue) and secondary (red). When there are offsets between these colored points and the measurements, or differences
in the error bars, it is caused by rejecting input Monte Carlo samples that do not agree with models and/or by imposing our
uniform age prior. Right panel: Final age distribution derived from our rejection sampling analysis using the total mass and
individual luminosities (solid purple), the primary mass and luminosity (blue hatched), and the secondary mass and luminosity
(red hatched). Our uniform prior in age results in many stellar binaries having nearly flat age distributions over the range
of main sequence ages covered by models, whereas brown dwarfs and pre–main-seuqence stars like LP 349-25AB have well
constrained model-derived ages.
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Fig. 9.— Individual masses plotted at their system ages for the 13 of our sample binaries that have well constrained ages according
to evolutionary models. Open symbols indicate systems where we use model-derived mass ratios to compute individual masses,
including Gl 569Bab. Up-pointing blue triangles indicate components of binaries where lithium is detected in integrated light,
while down-pointing orange triangles indicate systems for which an optical spectrum is available and does not display lithium
absorption. Model predicted mass limits for strong (>99.9%) and weak (<10%) lithium depletion are shown as thick black
and thin gray lines, respectively. The models shown here are BHAC (Baraffe et al. 2015) and Tucson (Burrows et al. 1997).
Lithium detections and nondetections seem to generally agree well with BHAC model-predicted lithium depletion, within the
observational uncertainties on mass. The mass limit for lithium depletion is higher in Tucson models (70MJup instead of
60MJup), making many nondetections of lithium seemingly discrepant with model predictions. (Note that we use Cond model
ages for plotting here because they are the only models that cover the full range of luminosities in our sample, and they tend
to agree very well with the results from SM08 and BHAC models. We use the ages from our total-mass analysis, except for
LHS 2397aAB where we use the age from the individual-mass analysis of the secondary. For clarity, the unresolved multiples
2MASS J0920+3517B and 2MASS J0700+3157B are not shown. The two young systems that lack lithium information are
Gl 569Bab and HD 130948BC.)
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Fig. 10.— Coevality determinations plotted as a function of the mass of the secondary component.
For each system with directly measured individual masses and luminosities, we derive the age of
each component from models (t1 and t2). The data points here show the median and 1σ intervals in
the posterior distribution of the logarithm of the difference in age, computed as log t2− log t1. Gray
symbols indicate two of the likely unresolved multiples LP 415-20 and 2MASS J0700+3157. Binaries
composed of main-sequence stars (secondary masses >70MJup here) have essentially unconstrained
ages and thus ∆ log t ≈ 0.0±0.5 dex (i.e., both stars consistent with any main sequence age at 1σ).
Aside from the unresolved multiple 2MASS J0700+3157, all but two systems give consistent ages
for the primary and secondary at .1σ. These are two binaries spanning the L/T transition that
have the lowest mass secondaries. SDSS J0423−0414AB and SDSS J1052+4422AB are 3.0σ and
1.5σ, respectively, discrepant with coevality in the Cond models. In contrast, the SM08 models
that predict a shallower mass–luminosity relation in the L/T transition yield coeval ages for both
systems.
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Fig. 11.— Individual mass and luminosity measurements shown alongside models. These are all likely triples given that the
data points significantly deviate from coevality (i.e., falling on a single isochrone). In the cases of 2MASS J0700+3157AB and
2MASS J0920+3517AB, the less luminous secondary is actually more massive than the more luminous primary, implying that
the secondaries are in fact unresolved binaries. In the case of LP 415-20AB, the primary is much less luminous than expected
given its mass, implying that it is an unresolved pair of lower luminosity, lower mass objects.
–
169
–
2.0 1.8 1.6
log(M/MJup)
−4.4
−4.0
l
o
g
(
L
b
o
l
 
/
 
L
S
u
n
)
SM08 models
100 Myr
  1 Gyr
 10 Gyr
2.0 1.8 1.6
log(M/MJup)
−4.4
−4.0
l
o
g
(
L
b
o
l
 
/
 
L
S
u
n
)
COND models
100 Myr
  1 Gyr
 10 Gyr
Fig. 11.— (Continued)
–
170
–
2.1 1.8
log(M/MJup)
−4.6
−4.4
−4.2
−4.0
l
o
g
(
L
b
o
l
 
/
 
L
S
u
n
)
SM08 models
100 Myr
  1 Gyr
 10 Gyr
2.1 1.8
log(M/MJup)
−4.6
−4.4
−4.2
−4.0
l
o
g
(
L
b
o
l
 
/
 
L
S
u
n
)
COND models
100 Myr
  1 Gyr
 10 Gyr
Fig. 11.— (Continued)
– 171 –
1000
1500
2000
2500
3000
M
od
el
-d
er
ive
d 
T e
ff 
(K
) SM08
M5 L0 L5 T0 T5
Spectral type
1000
1500
2000
2500
3000
M
od
el
−d
er
ive
d 
T e
ff 
(K
) Lyon
Fig. 12.— Effective temperatures derived from SM08 models (top) and from Lyon models (bottom;
BHAC and Cond). Solid black lines show our second-order polynomials to the relations, having
rms scatter about the fit of 90 K for the 40 objects with Lyon temperatures and 80 K for the 22
objects with SM08 temperatures. Gray lines indicate previous literature polynomial relations from
Golimowski et al. (2004, dotted) and Filippazzo et al. (2015, dashed).
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Fig. 13.— Color–magnitude diagram (CMD) showing our dynamical mass sample with symbols
colored according to their Lyon model-derived effective temperatures (BHAC when possible, other-
wise Cond). Up-pointing triangles indicate primary components, down-pointing triangles indicate
secondary components, and the field sequence is shown for reference as gray squares using the
latest compilation of ultracool dwarf parallaxes at http://www.as.utexas.edu/~tdupuy/plx. As
expected, temperature correlates strongly with the location along the CMD sequence, consistent
with temperature being a primary driver of the spectral energy distributions of ultracool dwarfs.
Objects at the faintest magnitudes (MJ = 14–15 mag) span temperatures of ≈1500 K to ≈1100 K,
where objects with bluer J −K colors have cooler model-derived temperatures.
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Fig. 14.— Bottom: age distribution for the systems with well determined ages (solid red line). The
histogram is a mean of 104 posterior values for each system, resulting in noninteger values for each
1-Gyr-wide bin. The dotted line shows the age distribution of a synthesized population of brown
dwarfs with masses of 30–70MJup and assuming a constant star formation rate (but including the
young-age skew due to dynamical heating that removes old objects from the Galactic midplane,
according to the Besanc¸on model of the solar neighborhood). Top: cumulative distribution functions
computed for the median age of each system (thick red line) and for 100 randomly drawn posterior
age values for each system (thin orange lines). The observed distribution is remarkably consistent
with the simplistic synthesized population that assumes a constant star formation rate for the thin
disk and a spectral type cut of T5, as is the case for our sample of brown dwarfs here.
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Fig. 15.— Orbital period of our sample binaries plotted as a function of projected separation at
discovery. Symbols are colored according to the quality of the orbit determination: good (black),
marginal (orange), and poor (red). Open gray symbols indicate results from the literature for
LHS 1070BC,  Ind Bab, and LSPM J1314+1320AB. The quality of our orbit determinations
are almost entirely determined by having sufficient observational time coverage, so the longest-
period orbits tend to be poorly determined. The only P < 30 yr binary with a poor orbit is
2MASS J0926+5847AB, which is seen nearly edge on and lacks the phase coverage from our 3-
year HST program needed to robustly determine the orbit from such a challenging viewing angle.
Therefore, we conclude that a cut of P < 30 yr (dotted line) yields an effectively complete sample
of orbit determinations to be used in a statistical study of orbital eccentricities. Most orbits have
error bars smaller than the plotting symbols.
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Fig. 16.— The ratio of the inner working angle (IWA) of the discovery data for each binary to its
semimajor axis (a). For a given a, a survey with IWA a is sensitive to binaries of all eccentricities,
while a survey with IWA > a is strongly biased toward discovering eccentric binaries. According
to simulations from Dupuy & Liu (2011), a cutoff of IWA/a < 0.75 will result in minimal bias in
the resulting eccentricity distribution. Therefore, we exclude the binaries 2MASS J1047+4026AB,
LP 415-20AB, and 2MASS J0920+3517AB (gray diamonds) from our statistical analysis. The first
two of these have IWA/a > 1 and indeed turn out to have quite eccentric (≥0.7) orbits. Most
orbits have error bars smaller than the plotting symbols.
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Fig. 17.— Eccentricity as a function of semimajor axis for all orbits in our sample. Symbol
shapes indicate orbits that are simple binaries (circles), inner pairs of hierarchical triples (up-
pointing triangles), outer pairs of hierarchical triples (down-pointing triangles), or an inner pair
in a quadruple (square). Symbols are colored according to the quality of the orbit determination:
good (black), marginal (orange), and poor (red). Open gray symbols indicate results from the
literature for LHS 1070BC,  Ind Bab, and LSPM J1314+1320AB. Objects expected to be impacted
by discovery bias (IWA/a > 0.75) are enclosed by large gray diamonds. No significant trends in
eccentricity with semimajor axis are apparent. Most orbits have error bars smaller than the plotting
symbols.
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Fig. 18.— Eccentricity as a function of orbital period for binaries in our de-biased sample (filled
red) and from the literature (open black). Symbol shapes indicates orbits that are simple binaries
(circles), inner pairs of a hierarchical triples (up-pointing triangles), or outer pairs of hierarchical
triples (down-pointing triangles). Our sample and some published orbits have error bars smaller
than the plotting symbols. Literature results for spectroscopic, astrometric, and eclipsing binaries
tend to have short periods and modest eccentricities (0.2–0.6). In contrast, visual binaries at longer
periods have some very eccentric orbits (≥0.7) and a substantial fraction of low-e orbits (10 of 22
have e = 0.0–0.2). Whether this is indicative of an actual difference in orbital properties will require
a larger sample of short-period binaries.
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Fig. 19.— Bottom: eccentricity distribution of our de-biased visual binary sample (P < 30 yr).
Top: cumulative distribution functions computed for the median eccentricity of each orbit (thick
red line) and for 100 randomly drawn posterior values for each orbit (thin orange lines). Almost
half of the orbits (10 of 22) have low eccentricities (0.0–0.2).
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Fig. 20.— Polynomial relations between MKO-to-2MASS photometric conversions and absolute
magnitude. K-band is a three-part piecewise linear fit, while others are single polynomial fits.
The input data used to derive these fits (black points) are computed by synthetic photometry as
described in Sections A.1 and A.2. We use these relations to derive JHK photometry on both
2MASS and MKO systems in cases where it is not measured directly.
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Fig. 20.— (Continued)
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Fig. 21.— Polynomial relations between bolometric luminosity and absolute magnitude (red) de-
rived from input data from Filippazzo et al. (2015) (black points) as described in Section A.3.
Bottom panels show the residuals in the input data after subtracting the polynomials. We use
these relations to derive the component luminosities for our sample binaries. When both com-
ponents have MH < 13.3 mag, we use the H-band relations, otherwise we use K-band relations.
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Fig. 21.— (Continued)
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Table 1. Orbit Monitoring Sample
Name Binary Discovery Integrated-Light Spec. Type Component Spec. Types
Sep. Epoch (UT) Ref. optical/IR Ref. A+B Ref.
LP 349-25AB 0.′′125 2004-07-03 Forv05 M8/M8 int-g Gizi00, Dupu16b M7:+M8: Dupu12
LP 415-20AB 0.′′119 2002-02-07 Sieg03 M7.5/ · · · Gizi00 M6:+M8 Dupu16b
SDSSp J042348.57−041403.5AB 0.′′164 2004-07-22 Burg05 L7.5/T0 Cruz03, Burg06a L6.5:+T2 Dupu12
2MASS J05185995−2828372AB 0.′′051 2004-09-07 Burg06b L7/T1p Kirk08, Burg06a L6:+T4 Dupu12
2MASS J07003664+3157266AB 0.′′170 2004-12-29 Reid06a L3.5/ · · · Thor03 L3:+L6.5:. Dupu12
LHS 1901AB 0.′′275 2004-01-08 Mont06 M7/M7 Lepi09, Dupu10 M7:+M7: Dupu12
2MASSI J0746425+200032AB 0.′′220 2000-04-25 Reid01 L0.5/L1 Kirk00, Knap04 L0+L1.5∗ Bouy04
2MASSs J0850359+105716AB 0.′′160 2000-02-01 Reid01 L6/ · · · Kirk99 L6.5:+L8.5: Dupu12
2MASSI J0856479+223518AB 0.′′098 2001-04-24 Bouy03 L3:/ · · · Cruz03 · · · · · ·
2MASSW J0920122+351742AB 0.′′070 2000-02-09 Reid01 L6.5/T0p Kirk00, Burg06a L5.5:+L9:. Dupu12
SDSS J092615.38+584720.9AB 0.′′070 2004-02-05 Burg06b · · · /T4.5 Burg06a T3.5:+T5: Dupu12
2MASSI J1017075+130839AB 0.′′100 2001-04-16 Gizi03 L2:/L1 Cruz03, Wils03 L1.5:+L3: Dupu12
SDSS J102109.69−030420.1AB 0.′′172 2004-05-02 Burg06b T3.5/T3 Kirk08, Burg06a T0:+T5 Dupu12
2MASSW J1047138+402649AB 0.′′122 2002-04-25 Clos03 M8/ · · · Gizi00a M8+L0: Dupu16b
SDSS J105213.51+442255.7AB 0.′′042 2005-05-01 Dupu15 · · · /T0.5 Chiu06 L6.5:.+T1.5: Dupu15
Gl 417BC 0.′′070 2001-02-14 Bouy03 L4.5/ · · · Kirk00 L4.5:+L6: Dupu12
LHS 2397aAB 0.′′270 1997-04-12 Free03 M8/ · · · Kirk95 M8∗ + · · · Dupu09b
DENIS-P J1228.2−1547AB 0.′′275 1998-06-02 Mart99 L5/L6± 2 Kirk99, Knap04 L5.5:+L5.5: Dupu12
Kelu-1AB 0.′′291 2005-05-01 Liu05 L2/ · · · Kirk99 L2:+L4: Dupu12
2MASS J14044948−3159330AB 0.′′134 2006-06-03 Loop08 T0/T2.5 Loop08, Loop07 L9:+T5 Dupu16b
HD 130948BC 0.′′134 2001-02-24 Pott02 · · · / · · · · · · L4:+L4: Goto02
Gl 569Bab 0.′′101 1999-08-28 Mart00 M8.5/ · · · Henr90 M8.5+M9 Lane01
SDSS J153417.05+161546.1AB 0.′′110 2005-05-01 Liu06 · · · /T3.5 Chiu06 T0:+T5.5 Dupu12
2MASS J15344984−2952274AB 0.′′065 2000-08-18 Burg03b T6/T5.5 Burg03a, Burg06a T4.5+T5 Dupu12
2MASSW J1728114+394859AB 0.′′130 2000-08-12 Gizi03 L7/ · · · Kirk00 L5:+L7: Dupu12
LSPM J1735+2634AB 0.′′290 2005-06-05 Law06 M7.5/ · · · Schm07 M7.5+L0: Dupu12
2MASSW J1750129+442404AB 0.′′158 2002-04-25 Sieg03 M7.5/M8 Gizi00b, Dupu12 M6.5:+M8.5: Dupu12
2MASSI J1847034+552243AB 0.′′082 2003-07-10 Sieg05 M6.5/ · · · Cruz03 M6+M7 Dupu12
SDSS J205235.31−160929.8AB 0.′′103 2008-06-24 Stum11 · · · /T1: Chiu06 L8.5:.+T1.5 Dupu12
2MASSI J2132114+134158AB 0.′′066 2006-06-17 Sieg07 L6/ · · · Cruz07 L4.5:.+L8.5:. Dupu12
2MASSW J2140293+162518AB 0.′′155 2001-09-22 Clos02b M8.5/ · · · Gizi00b M8+L0.5: Dupu16b
2MASSW J2206228−204705AB 0.′′168 2001-09-22 Clos02b M8/M8 Gizi00b, Dupu09a M8+M8 Dupu09a
DENIS-P J225210.7−173013AB 0.′′130 2005-06-21 Reid06b · · · /L7.5 Kend04 L4:+T3.5 Dupu16b
Other Ultracool Visual Binaries with Published Orbits and Parallaxes
LHS 1070BC 0.′′267 1993-07-29 Lein94 M8.5/ · · · Lein00 M9.5+L0∗ Rajp12
LSPM J1314+1320AB 0.′′130 2005-06-15 Law06 M7/M6 fld-g Lepi09, Dupu16a · · · · · ·
 Ind Bab 0.′′732 2003-08-13 McCa04 · · · /T2.5 Scho03 T1+T6 King10
References. — Bouy03 = Bouy et al. (2003); Bouy04 = Bouy et al. (2004); Burg03a = Burgasser et al. (2003a); Burg03b = Burgasser et al.
(2003b); Burg05 = Burgasser et al. (2005); Burg06a = Burgasser et al. (2006a); Burg06b = Burgasser et al. (2006b); Chiu06 = Chiu et al. (2006);
Clos02a = Close et al. (2002a); Clos02b = Close et al. (2002b); Clos03 = Close et al. (2003); Cruz03 = Cruz et al. (2003); Cruz07 = Cruz et al.
(2007); Dupu09a = Dupuy et al. (2009a); Dupu09b = Dupuy et al. (2009c); Dupu10 = Dupuy et al. (2010); Dupu12 = Dupuy & Liu (2012); Dupu15
= Dupuy et al. (2015b); Dupu16a = Dupuy et al. (2016); Dupu16b = this work; Forv05 = Forveille et al. (2005); Free03 = Freed et al. (2003);
Gizi00a = Gizis et al. (2000a); Gizi00b = Gizis et al. (2000b); Gizi03 = Gizis et al. (2003); Henr90 = Henry & Kirkpatrick (1990); Kend04 =
Kendall et al. (2004); King10 = King et al. (2010); Kirk00 = Kirkpatrick et al. (2000); Kirk08 = Kirkpatrick et al. (2008); Kirk95 = Kirkpatrick
et al. (1995); Kirk99 = Kirkpatrick et al. (1999); Knap04 = Knapp et al. (2004); Lane01 = Lane et al. (2001); Law06 = Law et al. (2006); Lein00
= Leinert et al. (2000); Lein94 = Leinert et al. (1994); Lepi09 = Le´pine et al. (2009); Liu05 = Liu & Leggett (2005); Liu06 = Liu et al. (2006);
Loop07 = Looper et al. (2007); Loop08 = Looper et al. (2008); Mart00 = Mart´ın et al. (2000); Mart06 = Mart´ın et al. (2006); Mart99 = Mart´ın
et al. (1999); McCa04 = McCaughrean et al. (2004); Mont06 = Montagnier et al. (2006); Phan05 = Phan-Bao et al. (2005); Phan06 = Phan-Bao
et al. (2006); Pott02 = Potter et al. (2002); Rajp12 = Rajpurohit et al. (2012); Reid01 = Reid et al. (2001); Reid06a = Reid et al. (2006a); Reid06b
= Reid et al. (2006b); Schm07 = Schmidt et al. (2007); Scho03 = Scholz et al. (2003); Sieg03 = Siegler et al. (2003); Sieg05 = Siegler et al. (2005);
Sieg07 = Siegler et al. (2007); Stum05 = Stumpf et al. (2005); Stum11 = Stumpf et al. (2011); Thor03 = Thorstensen & Kirkpatrick (2003); Wils03
= Wilson et al. (2003).
∗The component spectral types in these cases come from resolved optical spectroscopy. All other component types are based on near-IR spectra,
either resolved or deconvolved from the integrated-light near-IR spectrum using near-IR resolved photometry. For LHS 2397aAB, the primary
spectral type is assumed to be the same as the optical integrated-light type given the large contrast ratio in the optical.
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Table 2. Relative astrometry from Keck/NIRC2 Adaptive Optics Imaging and Masking
Observation Date Separation PA ∆m Bandpass Nframes Notes
(UT) (MJD) (mas) (◦) (mag)
LP 349-25AB (Nep = 8,∆t = 3.99 yr)
2008 Jan 16 54481.25 137.25± 0.24 208.07± 0.06 0.335± 0.016 KS 10 I
2008 Jun 30 54647.55 114.88± 0.25 194.94± 0.12 0.285± 0.011 KS 9 I
2008 Jun 30 54647.56 114.67± 0.23 195.13± 0.08 0.303± 0.004 H 7 I
2008 Jun 30 54647.56 114.5± 0.6 195.20± 0.17 0.345± 0.011 J 11 I
2008 Aug 20 54698.61 105.71± 0.10 189.90± 0.05 0.353± 0.010 KS 12 I
2008 Sep 9 54718.58 102.17± 0.14 187.62± 0.09 0.243± 0.005 L′ 12 I
2009 Sep 28 55102.56 71.20± 0.30 98.4± 0.6 0.230± 0.030 KS 14 I
2009 Dec 15 55180.37 83.6± 0.4 81.40± 0.30 0.37± 0.06 K 14 I
2010 May 22 55338.62 112.76± 0.18 59.93± 0.09 0.397± 0.019 K 13 I∗
2012 Jan 14 55940.25 131.4± 0.7 19.52± 0.12 0.258± 0.011 K 15 I
LP 415-20AB (Nep = 7,∆t = 4.16 yr)
2007 Dec 2 54436.38 85.0± 0.5 55.11± 0.27 0.71± 0.08 K′ 6 I
2007 Dec 2 54436.40 85.2± 0.8 55.47± 0.23 0.71± 0.05 J 6 I
2008 Jan 15 54480.26 89.4± 0.4 56.3± 0.5 0.60± 0.07 KS 10 I
2008 Sep 8 54717.56 107.2± 0.8 61.00± 0.30 0.596± 0.027 KS 8 I
2008 Sep 8 54717.56 106.1± 1.1 61.38± 0.22 0.652± 0.011 H 6 I
2008 Sep 8 54717.56 106.8± 0.5 61.23± 0.24 0.716± 0.027 J 7 I
2008 Dec 18 54818.40 112.3± 1.3 63.30± 0.30 0.45± 0.06 K′ 8 I
2009 Sep 28 55102.63 130.18± 0.28 66.81± 0.22 0.537± 0.017 KS 9 I
2010 Jan 9 55205.34 136.08± 0.18 68.19± 0.08 0.571± 0.010 KS 11 I
2012 Jan 28 55954.38 159.56± 0.27 74.79± 0.15 0.566± 0.009 K 12 I
2012 Jan 28 55954.39 158.7± 0.8 75.31± 0.24 0.481± 0.027 L′ 6 I
SDSS J0423−0414AB (Nep = 1,∆t = 0.00 yr)
2007 Sep 6 54349.59 54.5± 1.5 97.0± 1.4 1.19± 0.08 KS 18 M
2MASS J0700+3157AB (Nep = 14,∆t = 8.04 yr)
2007 Mar 25 54184.32 37.2± 0.6 264.3± 0.7 1.348± 0.029 KS 12 M
2007 Apr 23 54213.29 44.2± 0.8 265.3± 0.8 1.40± 0.04 KS 12 M
2008 Jan 15 54480.38 114.7± 0.5 276.91± 0.20 1.49± 0.04 KS 12 M
2008 Jan 15 54480.39 115.2± 1.6 275.6± 0.9 1.45± 0.17 KS 9 I
2008 Mar 29 54554.26 130.4± 2.5 278.5± 0.4 1.378± 0.027 KS 9 I
2008 Sep 17 54726.63 173± 4 280.0± 0.9 1.26± 0.10 KS 5 I
2008 Nov 3 54773.59 188.34± 0.23 279.62± 0.09 1.391± 0.011 KS 9 I
2008 Nov 3 54773.60 187.8± 0.5 279.49± 0.23 1.487± 0.021 J 9 I
2008 Nov 3 54773.60 187.8± 0.4 279.46± 0.08 1.403± 0.017 H 8 I
2008 Nov 3 54773.61 185.4± 1.8 279.31± 0.17 0.926± 0.027 L′ 9 I
2009 Jan 22 54853.46 207.3± 1.3 280.18± 0.19 1.45± 0.04 KS 8 I
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Table 2—Continued
Observation Date Separation PA ∆m Bandpass Nframes Notes
(UT) (MJD) (mas) (◦) (mag)
2009 Dec 18 55183.56 275.60± 0.30 280.95± 0.06 1.389± 0.009 KS 15 I
2010 Mar 22 55277.26 293.00± 0.30 281.15± 0.06 1.401± 0.020 K 8 I
2011 Apr 22 55673.26 348.16± 0.13 281.88± 0.030 1.404± 0.010 K 13 I
2013 Jan 17 56309.50 377.20± 0.30 282.79± 0.04 1.407± 0.016 K 38 I
2014 Jan 22 56679.36 358.8± 0.4 283.34± 0.06 1.397± 0.017 K 15 I
2015 Jan 14 57036.41 317.47± 0.12 283.90± 0.030 1.360± 0.012 K 27 I
2015 Apr 10 57122.32 304.05± 0.23 284.09± 0.06 1.394± 0.008 K 8 I
LHS 1901AB (Nep = 7,∆t = 4.04 yr)
2008 Jan 15 54480.46 60.3± 1.5 308.72± 0.12 0.163± 0.015 KS 9 I
2008 Sep 9 54718.62 57.2± 1.3 1.4± 0.5 0.270± 0.030 H 12 I
2008 Sep 9 54718.63 57.4± 0.6 1.1± 0.4 0.28± 0.04 J 9 I
2008 Sep 9 54718.63 57.8± 1.0 1.72± 0.27 0.150± 0.014 KS 18 I
2009 Sep 28 55102.65 177.88± 0.06 179.68± 0.010 0.079± 0.008 KS 5 I
2009 Dec 15 55180.43 206.5± 0.4 181.50± 0.04 0.098± 0.004 Kcont 5 I
2009 Dec 16 55181.37 206.8± 0.5 181.49± 0.030 0.096± 0.004 KS 12 I
2010 Mar 22 55277.25 236.59± 0.30 183.30± 0.030 0.088± 0.018 J 6 I
2010 Mar 22 55277.25 237.0± 0.4 183.29± 0.030 0.092± 0.004 L′ 6 I
2010 Mar 22 55277.25 236.65± 0.15 183.25± 0.020 0.111± 0.008 H 7 I
2010 Mar 22 55277.25 236.72± 0.08 183.25± 0.010 0.105± 0.005 K 6 I
2012 Jan 28 55954.37 363.00± 0.12 189.62± 0.020 0.092± 0.009 K 9 I
2MASS J0746+2000AB (Nep = 3,∆t = 2.05 yr)
2007 Dec 1 54435.62 334.13± 0.19 224.14± 0.020 0.360± 0.012 K′ 7 I∗
2007 Dec 1 54435.63 334.1± 0.5 224.09± 0.06 0.526± 0.010 J 7 I∗
2008 Dec 18 54818.48 351.09± 0.29 215.00± 0.20 0.352± 0.013 K′ 9 I∗
2009 Dec 18 55183.50 347.97± 0.15 206.45± 0.020 0.345± 0.004 K 18 I
2MASS J0850+1057AB (Nep = 6,∆t = 8.07 yr)
2006 Dec 19 54088.61 100.8± 2.4 144.9± 0.8 1.02± 0.05 K 4 I
2007 Mar 25 54184.27 97.8± 2.0 147.8± 0.6 1.06± 0.09 H 6 I
2007 Mar 25 54184.28 101.0± 2.6 146.3± 1.8 1.34± 0.13 J 5 I
2010 Jan 10 55206.60 66.2± 1.7 182.4± 0.6 0.84± 0.10 KS 6 I
2011 Apr 22 55673.26 64.3± 0.7 204.0± 0.8 0.85± 0.04 K 13 M
2014 Mar 14 56730.37 82.3± 1.5 248.7± 0.6 0.80± 0.08 K 10 I
2015 Jan 14 57036.58 94.1± 0.7 256.30± 0.30 0.800± 0.030 K 19 I
2MASS J0920+3517AB (Nep = 17,∆t = 6.99 yr)
2006 May 5 53860.26 49.0± 1.6 242.5± 1.6 0.323± 0.010 KS 6 I
2006 May 5 53860.27 49.20± 0.29 242.7± 0.9 0.227± 0.025 H 6 I
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Observation Date Separation PA ∆m Bandpass Nframes Notes
(UT) (MJD) (mas) (◦) (mag)
2006 May 5 53860.28 48.8± 0.4 242.5± 1.2 0.24± 0.07 J 6 I
2007 Jan 26 54126.54 73± 6 247± 6 0.42± 0.05 K 3 I
2007 Mar 25 54184.42 73.4± 0.9 245.8± 0.4 0.320± 0.014 KS 4 I
2007 Mar 26 54185.29 74.30± 0.30 245.00± 0.30 0.277± 0.018 J 5 I
2007 Dec 2 54436.53 74.8± 0.6 246.0± 1.0 0.41± 0.07 K′ 8 I∗
2007 Dec 12 54446.65 74.60± 0.30 247.40± 0.30 0.31± 0.04 KS 8 I
2008 Jan 14 54479.50 72.5± 0.4 246.7± 0.6 0.341± 0.029 KS 9 I
2008 Jan 14 54479.52 73.2± 0.8 246.4± 0.8 0.203± 0.025 H 14 I
2008 Mar 29 54554.32 68.6± 0.7 248.2± 0.4 0.409± 0.010 KS 7 I
2008 Mar 29 54554.33 68.0± 0.4 247.7± 0.6 0.27± 0.04 H 6 I
2008 Apr 27 54583.35 66.2± 0.8 248.4± 0.4 0.525± 0.028 KS 11 I
2008 May 30 54616.27 63.0± 0.5 247.79± 0.27 0.41± 0.09 K′ 7 I∗
2008 Nov 3 54773.66 46.7± 0.8 249.3± 0.7 0.415± 0.015 KS 7 I
2006 Dec 19 54088.68 65.7± 2.7 247.1± 1.5 0.45± 0.12 K 8 M
2007 Mar 25 54184.41 72.9± 2.7 246.5± 2.2 0.33± 0.07 KS 8 M
2008 Dec 22 54822.57 37.85± 0.25 249.8± 0.9 0.339± 0.019 K′ 8 M
2009 Jan 22 54853.59 33.04± 0.19 253.4± 1.1 0.12± 0.05 KS 12 M
2009 Dec 18 55183.60 25.70± 0.30 61.0± 2.5 0.20± 0.07 KS 12 M
2010 May 23 55339.25 47.5± 1.0 67.5± 1.1 0.54± 0.05 K 10 M
2013 Apr 30 56412.24 37.51± 0.26 241.7± 0.5 0.454± 0.015 K 9 M
2MASS J1017+1308AB (Nep = 5,∆t = 5.28 yr)
2008 Jan 16 54481.65 132.4± 0.4 233.5± 0.4 0.134± 0.015 KS 8 I
2009 Jan 23 54854.46 137.3± 0.4 245.84± 0.13 0.114± 0.012 KS 8 I
2009 Dec 18 55183.54 139.0± 0.7 256.60± 0.30 0.087± 0.020 KS 15 I
2011 Apr 21 55672.38 133.9± 0.4 272.48± 0.19 0.155± 0.010 K 11 I
2013 Apr 29 56411.32 119± 5 300.8± 2.4 0.14± 0.06 L′ 6 I
2013 Apr 29 56411.32 115.7± 1.0 301.60± 0.30 0.15± 0.04 H 7 I
2013 Apr 29 56411.32 114.4± 0.4 302.1± 1.0 0.090± 0.024 K 8 I
2013 Apr 29 56411.32 116.8± 0.8 301.3± 0.4 0.201± 0.018 J 5 I
SDSS J1021−0304AB (Nep = 3,∆t = 7.14 yr)
2005 Nov 26 53700.60 159.98± 0.15 232.7± 0.4 −0.104± 0.012 J 8 I
2005 Nov 26 53700.60 158.8± 1.1 232.62± 0.21 0.989± 0.018 KS 5 I
2005 Nov 26 53700.61 159.38± 0.22 232.78± 0.10 0.745± 0.023 H 7 I
2008 Dec 18 54818.54 148.3± 0.5 204.36± 0.11 1.002± 0.014 K′ 6 I
2013 Jan 17 56309.51 150.3± 0.7 163.46± 0.13 1.134± 0.022 K 7 I
2013 Jan 17 56309.52 153.0± 3.0 163.8± 0.5 0.518± 0.030 CH4s 3 I
2MASS J1047+4026AB (a.k.a. LP 213-68) (Nep = 8,∆t = 7.27 yr)
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Observation Date Separation PA ∆m Bandpass Nframes Notes
(UT) (MJD) (mas) (◦) (mag)
2009 Jan 22 54853.62 113.0± 1.0 334.3± 0.4 0.265± 0.026 KS 14 I
2009 Dec 18 55183.59 94.0± 1.8 349.4± 0.8 0.241± 0.029 KS 17 I
2011 Jun 26 55738.27 31.5± 0.9 66.0± 2.0 0.23± 0.08 H 6 M
2011 Jun 26 55738.27 31.58± 0.27 63.4± 1.1 0.38± 0.09 K 8 M
2011 Jul 1 55743.26 30.95± 0.10 66.1± 0.4 0.311± 0.009 K 9 M
2012 Jan 28 55954.48 43.41± 0.22 257.6± 0.6 0.291± 0.010 K 11 M
2012 Jan 28 55954.48 42.7± 0.4 258.7± 0.5 0.39± 0.04 H 6 M
2012 Apr 12 56029.37 58.20± 0.13 272.59± 0.21 0.278± 0.012 K 13 M
2014 Mar 14 56730.47 116.72± 0.17 315.29± 0.20 0.345± 0.015 K 14 I
2016 May 2 57510.39 101.1± 1.0 345.6± 0.7 0.240± 0.030 K 3 I
SDSS J1052+4422AB (Nep = 12,∆t = 9.02 yr)
2005 May 1 53491.39 42.4± 0.7 81.1± 1.7 0.510± 0.030 K′ 5 I
2006 May 5 53860.36 70.3± 0.7 112.2± 0.7 0.49± 0.05 KS 6 I
2006 May 5 53860.39 70.5± 1.4 112.2± 0.7 0.00± 0.13 H 6 I
2006 May 5 53860.41 69.2± 0.9 112.2± 0.7 −0.61± 0.11 J 6 I
2006 Dec 19 54088.65 79.8± 1.9 124.5± 1.4 0.49± 0.15 K 4 I
2007 Mar 8 54167.45 80.3± 0.5 125.4± 0.6 0.45± 0.06 K′ 12 I
2007 Mar 25 54184.37 80.9± 0.5 128.1± 1.0 −0.36± 0.05 J 7 I
2008 Apr 1 54557.50 72.2± 1.7 142.3± 1.2 0.42± 0.07 K 8 I
2008 Nov 3 54773.65 55.2± 1.0 160.2± 2.1 −0.01± 0.07 H 9 I
2008 Dec 22 54822.59 50.3± 0.7 162.4± 0.9 0.510± 0.030 K′ 6 M
2010 Jan 10 55206.50 34.4± 0.5 234.9± 1.1 0.140± 0.030 H 10 M
2010 Jan 10 55206.51 33.1± 0.6 235.1± 1.2 0.57± 0.05 K 10 M
2010 May 22 55338.32 39.9± 0.7 261.0± 1.1 0.56± 0.04 K 9 M
2011 Apr 21 55672.38 58.90± 0.30 297.91± 0.29 0.545± 0.016 K 11 M
2014 May 10 56787.36 54.9± 0.9 97.2± 1.0 0.51± 0.04 K 12 M
Gl 417BC (Nep = 9,∆t = 7.12 yr)
2007 Mar 25 54184.51 140.4± 0.9 278.84± 0.28 0.319± 0.014 K 6 I
2008 Jan 15 54480.65 128.6± 1.2 276.3± 0.8 0.35± 0.04 KS 6 I
2008 Apr 1 54557.49 125.2± 0.8 275.3± 1.0 0.407± 0.030 KS 10 I
2008 Apr 27 54583.44 124.7± 0.6 274.2± 0.6 0.47± 0.04 KS 7 I
2009 Jun 29 55011.28 83.8± 1.5 266.1± 1.4 0.47± 0.11 KS 7 I
2010 Jan 9 55205.53 63.3± 1.3 258.0± 1.8 0.43± 0.08 KS 46 I
2012 Apr 12 56029.38 65.3± 1.8 123.4± 2.8 0.34± 0.14 K 29 I
2013 Apr 28 56410.38 101.0± 1.4 110.0± 2.2 0.28± 0.13 K 9 I
2013 Apr 28 56410.38 100.8± 0.5 108.4± 1.9 0.26± 0.09 H 4 I
2014 May 9 56786.32 116.8± 0.8 101.2± 0.4 0.44± 0.04 J 10 I
2014 May 9 56786.34 115.8± 0.6 102.00± 0.30 0.40± 0.04 Y 6 I
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Observation Date Separation PA ∆m Bandpass Nframes Notes
(UT) (MJD) (mas) (◦) (mag)
LHS 2397aAB (Nep = 6,∆t = 6.89 yr)
2007 Apr 22 54212.32 117.7± 2.6 349.3± 0.7 2.93± 0.09 KS 6 I
2007 Apr 22 54212.33 112.6± 2.8 347.3± 1.3 3.37± 0.24 CH4s 9 M
2007 Apr 22 54212.42 115.7± 1.7 349.7± 1.0 2.78± 0.11 KS 13 M
2008 Jan 15 54480.62 143± 4 24.9± 0.5 2.71± 0.10 KS 5 I
2008 Jan 15 54480.62 144.5± 2.4 25.8± 0.7 2.98± 0.13 KS 8 M
2009 Jan 23 54854.54 203.6± 1.6 53.29± 0.30 2.800± 0.030 KS 9 I
2009 Jan 23 54854.55 200.3± 2.5 52.8± 0.5 2.94± 0.05 H 11 I
2009 Jan 23 54854.56 197± 4 53.0± 0.9 3.07± 0.09 J 7 I
2009 Jan 23 54854.57 200.0± 3.0 53.2± 0.4 1.92± 0.06 L′ 12 I
2012 Jan 29 55955.57 272.4± 0.4 91.89± 0.06 2.76± 0.04 K 13 I
2014 Jan 22 56679.50 246.5± 2.7 113.8± 0.9 2.79± 0.06 K 62 I
2014 Mar 14 56730.50 246.00± 0.19 116.67± 0.13 2.724± 0.010 K 8 I
DENIS J1228−1557AB (Nep = 3,∆t = 4.55 yr)
2008 Jun 30 54647.28 241.26± 0.25 314.70± 0.08 0.126± 0.013 KS 6 I
2013 Jan 17 56309.56 281.6± 0.7 279.61± 0.12 0.113± 0.012 H 16 I
2013 Jan 17 56309.56 281.4± 1.4 279.3± 0.4 0.08± 0.04 J 14 I
2013 Jan 17 56309.56 280.89± 0.28 279.58± 0.08 0.123± 0.005 K 17 I
2013 Jan 17 56309.57 279.9± 1.5 279.7± 0.6 0.07± 0.04 L′ 6 I
2013 Jan 17 56309.57 280± 4 279.9± 1.1 0.010± 0.030 Y 6 I
2013 Jan 18 56310.57 279.8± 1.8 279.30± 0.30 0.09± 0.04 K 17 I
2013 Jan 18 56310.58 278.5± 2.1 279.6± 0.4 0.110± 0.030 H 17 I
2013 Jan 18 56310.59 274± 4 279.48± 0.28 0.13± 0.04 J 10 I
Kelu-1AB (Nep = 12,∆t = 10.10 yr)
2005 Mar 4 53433.51 284.60± 0.30 221.57± 0.04 0.421± 0.018 K′ 11 I
2005 May 1 53491.37 290.05± 0.21 221.64± 0.030 0.409± 0.012 K′ 6 I
2005 May 1 53491.38 289.8± 1.1 221.58± 0.22 0.70± 0.05 J 6 I
2005 May 1 53491.38 290.1± 0.5 221.66± 0.06 0.525± 0.007 H 6 I
2007 Apr 23 54213.47 345.1± 0.4 223.03± 0.04 0.420± 0.004 K 4 I
2008 Jun 30 54647.26 366.4± 0.9 223.73± 0.030 0.407± 0.011 KS 6 I
2009 Apr 29 54950.40 377.3± 0.6 224.21± 0.11 0.457± 0.020 K 6 I
2010 May 23 55339.32 386.1± 0.6 224.57± 0.06 0.422± 0.012 K 21 I
2011 Apr 22 55673.40 388.7± 0.4 225.04± 0.020 0.407± 0.015 K 21 I
2013 Jan 17 56309.58 382.60± 0.26 225.88± 0.05 0.404± 0.013 K 8 I
2013 Apr 28 56410.45 380.3± 1.2 225.8± 0.5 0.454± 0.016 K 5 I
2014 Jan 22 56679.60 369.4± 1.3 226.50± 0.30 0.47± 0.05 K 15 I
2014 Mar 14 56730.50 370.43± 0.19 226.47± 0.030 0.403± 0.006 K 14 I
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2015 Apr 11 57123.44 352.80± 0.30 227.02± 0.030 0.431± 0.013 K 12 I
2MASS J1404−3159AB (Nep = 7,∆t = 8.85 yr)
2006 Jun 3 53889.29 133.3± 0.5 312.23± 0.17 1.206± 0.010 KS 6 I
2006 Jun 3 53889.30 133.27± 0.18 312.18± 0.16 0.519± 0.019 H 5 I
2006 Jun 3 53889.31 132.7± 0.9 310.1± 1.1 −0.540± 0.030 J 7 I
2010 Jul 9 55386.26 136.0± 3.0 18.6± 0.4 1.440± 0.030 K 3 I
2012 Jan 28 55954.65 189.8± 2.1 6.10± 0.25 1.401± 0.008 K 11 I
2013 Jan 17 56309.66 210.1± 2.3 0.90± 0.30 0.61± 0.06 H 3 I
2013 Apr 29 56411.37 212.0± 1.2 359.62± 0.29 1.374± 0.024 K 6 I
2014 Mar 14 56730.51 224.9± 0.4 355.36± 0.15 0.310± 0.017 CH4s 9 I
2015 Apr 10 57122.49 236.0± 1.0 351.4± 0.4 0.552± 0.012 H 8 I
2015 Apr 10 57122.49 235.0± 1.0 351.8± 0.4 1.410± 0.016 K 6 I
HD 130948BC (Nep = 14,∆t = 8.17 yr)
2005 Feb 25 53426.48 56.3± 0.4 145.0± 1.4 0.24± 0.05 H 10 I∗∗
2007 Jan 26 54126.59 111.6± 0.8 132.8± 0.4 0.156± 0.021 K 10 I
2007 Mar 25 54184.53 108.9± 0.4 132.61± 0.11 0.189± 0.008 Kcont 6 I
2007 May 11 54231.47 105.80± 0.12 132.10± 0.08 0.273± 0.014 H 12 I∗
2007 Jul 25 54306.24 97.89± 0.25 131.16± 0.13 0.236± 0.013 H 8 I
2007 Jul 25 54306.25 98.20± 0.30 131.10± 0.24 0.250± 0.030 Hcont 6 I
2008 Jan 15 54480.69 71.90± 0.22 127.9± 0.4 0.150± 0.030 KS 11 I
2008 Mar 29 54554.57 57.97± 0.16 124.9± 0.4 0.178± 0.007 K 10 I
2008 Mar 29 54554.59 57.3± 0.6 124.6± 0.6 0.13± 0.05 J 9 I
2008 Mar 29 54554.66 58.4± 2.3 124.1± 0.7 0.30± 0.30 H 8 I
2008 Apr 27 54583.61 51.7± 0.4 124.1± 0.5 0.185± 0.010 KS 4 I
2009 Dec 18 55183.70 84.60± 0.30 318.55± 0.14 0.151± 0.011 KS 24 I
2010 Jan 9 55205.69 88.8± 0.4 318.31± 0.25 0.226± 0.013 KS 12 I
2010 Mar 22 55277.65 100.04± 0.15 316.95± 0.07 0.2010± 0.002 K 8 I
2011 Mar 25 55645.56 128.4± 0.8 313.3± 0.4 0.258± 0.009 H 8 I∗∗
2012 Jan 14 55940.59 119.26± 0.08 310.42± 0.04 0.237± 0.004 H 10 I
2013 Apr 28 56410.60 63.26± 0.22 301.1± 0.4 0.355± 0.023 K 10 I
Gl 569Bab (Nep = 14,∆t = 11.07 yr)
2003 Apr 15 52744.48 60.9± 0.9 267.1± 1.1 0.50± 0.06 Kcont 27 I∗∗
2004 Aug 10 53227.25 101.2± 0.4 69.00± 0.30 0.559± 0.027 FeII 24 I∗∗
2004 Dec 24 53363.68 93.8± 0.4 110.9± 0.4 0.700± 0.030 H 7 I
2005 Feb 25 53426.50 83.9± 0.7 133.6± 0.7 0.49± 0.08 Hcont 18 I
2005 Feb 25 53426.50 84.0± 1.4 133.8± 2.1 0.49± 0.08 Kcont 12 I
2008 Jan 16 54481.69 61.43± 0.15 272.4± 1.3 0.520± 0.030 Hcont 10 I
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2009 Apr 29 54950.52 100.4± 0.7 66.6± 0.7 0.36± 0.04 Kcont 8 I
2009 May 29 54980.46 99.7± 0.6 75.9± 0.8 0.58± 0.04 Kcont 9 I
2010 Mar 22 55277.66 55.78± 0.19 207.10± 0.30 0.464± 0.009 K 8 I
2010 May 23 55339.45 58.1± 1.2 266.5± 1.4 0.81± 0.12 J 18 I
2010 May 23 55339.48 58.1± 1.3 266.7± 1.1 0.60± 0.08 L′ 9 I
2010 May 23 55339.48 59.6± 0.9 267.5± 0.8 0.56± 0.05 H 16 I
2010 May 23 55339.49 59.6± 0.4 267.2± 0.9 0.56± 0.04 K 19 I
2011 Mar 25 55645.56 105.69± 0.15 21.05± 0.07 0.515± 0.017 H 9 I∗∗
2012 Jan 14 55940.62 95.57± 0.13 103.64± 0.07 0.672± 0.013 H 10 I
2013 Apr 28 56410.43 103.5± 0.4 353.90± 0.30 0.427± 0.007 K 5 I
2014 Jan 22 56679.62 104.2± 1.9 64.5± 1.1 0.40± 0.07 K 18 I
2014 May 9 56786.55 96.5± 0.4 98.2± 0.5 0.460± 0.030 Kcont 16 I
SDSS J1534+1615AB (Nep = 4,∆t = 10.23 yr)
2005 May 1 53491.56 109.0± 3.0 289.8± 2.3 0.914± 0.015 K′ 5 I
2005 May 1 53491.56 111.1± 2.5 288.3± 1.9 0.587± 0.017 H 5 I
2005 May 1 53491.57 113.6± 2.5 286.4± 1.9 −0.179± 0.005 J 3 I
2011 Apr 21 55672.58 122.6± 2.0 335.6± 0.7 1.16± 0.06 K 7 I
2013 Mar 20 56371.58 119.5± 0.5 349.21± 0.26 0.366± 0.022 CH4s 9 I
2015 Jul 23 57226.39 119.1± 0.9 6.60± 0.30 0.29± 0.05 CH4s 8 I
2MASS J1534−2952AB (Nep = 13,∆t = 9.94 yr)
2005 May 1 53491.51 211.7± 1.0 14.12± 0.30 0.296± 0.009 K′ 5 I
2005 May 1 53491.52 211.2± 0.8 14.25± 0.13 0.301± 0.004 H 5 I
2005 May 1 53491.52 210.3± 1.5 13.97± 0.30 0.151± 0.022 J 5 I
2006 May 5 53860.44 190.51± 0.20 15.83± 0.09 0.289± 0.023 KS 3 I
2007 Mar 25 54184.59 157.4± 0.6 17.61± 0.19 0.315± 0.012 K 6 I
2007 Apr 22 54212.53 153.80± 0.30 17.99± 0.10 0.257± 0.015 KS 7 I
2008 Jan 15 54480.66 115.2± 1.1 20.9± 0.9 0.269± 0.023 KS 4 I
2008 Apr 1 54557.56 104.5± 1.3 22.4± 0.8 0.218± 0.018 KS 7 I
2008 Apr 1 54557.59 103.3± 1.5 23.3± 1.5 0.122± 0.019 CH4s 5 I
2008 Jun 30 54647.31 90.2± 0.5 22.3± 0.5 0.27± 0.05 KS 12 I
2010 Jul 8 55385.28 45.8± 0.5 172.8± 0.8 0.24± 0.04 K 8 M
2011 Apr 21 55672.54 90.9± 1.7 185.4± 0.9 0.34± 0.10 K 9 I
2011 Apr 22 55673.51 91.9± 0.8 183.7± 0.5 0.25± 0.05 K 9 M
2013 Jul 1 56474.33 192.1± 0.4 191.60± 0.09 0.2860± 0.003 H 8 I
2014 Mar 14 56730.61 208.6± 0.6 192.9± 0.4 0.354± 0.023 H 7 I
2015 Apr 10 57122.56 213.30± 0.29 194.00± 0.21 0.287± 0.024 CH4s 9 I
2MASS J1728+3948AB (Nep = 10,∆t = 7.93 yr)
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2006 Jun 3 53889.54 194.0± 0.7 89.31± 0.13 0.573± 0.008 KS 7 I
2006 Jun 3 53889.55 194.7± 0.5 89.35± 0.19 0.418± 0.012 H 7 I
2006 Jun 3 53889.56 194.45± 0.20 89.28± 0.11 0.236± 0.021 J 7 I
2007 Mar 25 54184.61 203.50± 0.30 94.52± 0.18 0.599± 0.011 KS 5 I
2007 Aug 7 54319.37 204.4± 1.7 96.90± 0.30 0.521± 0.026 KS 6 I
2008 Jun 30 54647.37 213.8± 0.4 101.66± 0.030 0.618± 0.014 KS 8 I
2009 May 30 54981.59 216.3± 1.9 106.0± 0.5 0.56± 0.08 KS 5 I
2010 May 1 55317.59 220.4± 0.8 111.36± 0.11 0.677± 0.018 K 6 I
2011 Jul 1 55743.50 216.9± 1.0 117.18± 0.19 0.607± 0.020 K 10 I
2012 Sep 7 56177.25 210.05± 0.26 123.96± 0.05 0.636± 0.009 K 16 I
2013 Jul 1 56474.44 203.1± 0.4 128.60± 0.11 0.634± 0.007 K 4 I
2013 Jul 1 56474.45 203.0± 0.9 128.78± 0.08 0.294± 0.009 J 3 I
2013 Jul 1 56474.46 202.6± 0.5 128.90± 0.30 0.428± 0.011 H 6 I
2014 May 9 56786.57 193.55± 0.20 134.15± 0.09 0.616± 0.011 K 11 I
LSPM J1735+2634AB (Nep = 9,∆t = 6.19 yr)
2007 Apr 22 54212.54 192.9± 0.8 197.80± 0.10 0.55± 0.05 KS 4 I
2007 Aug 1 54313.39 171.9± 0.4 204.3± 0.7 0.491± 0.017 K 16 I∗∗
2007 Aug 1 54313.41 173.7± 1.9 204.8± 1.7 0.54± 0.07 H 8 I∗∗
2007 Aug 1 54313.42 171± 4 203.1± 1.3 0.60± 0.09 J 16 I∗∗
2008 May 28 54614.54 107.54± 0.08 234.56± 0.26 0.573± 0.023 KS 12 I
2008 Sep 8 54717.29 92.1± 1.2 254.00± 0.29 0.46± 0.11 KS 12 I
2009 May 30 54981.56 101.7± 0.9 314.0± 0.4 0.463± 0.029 KS 10 I
2010 May 1 55317.60 159.39± 0.07 352.10± 0.020 0.4850± 0.001 K 4 I
2010 May 23 55339.52 162.4± 0.6 353.63± 0.15 0.469± 0.014 K 12 I
2010 May 23 55339.52 163.8± 1.4 353.10± 0.30 0.52± 0.04 J 11 I
2010 May 23 55339.53 162.7± 0.5 353.65± 0.09 0.526± 0.016 H 8 I
2010 May 23 55339.53 159.5± 1.6 353.82± 0.20 0.350± 0.030 L′ 8 I
2011 Apr 21 55672.62 193.58± 0.18 13.010± 0.030 0.491± 0.018 K 15 I
2013 Jun 30 56473.49 206.47± 0.22 49.22± 0.16 0.450± 0.030 K 6 I
2MASS J1750+4424AB (Nep = 4,∆t = 3.86 yr)
2006 Jun 20 53906.55 163± 5 36.0± 3.0 0.69± 0.09 K′ 9 I
2008 May 28 54614.55 185.40± 0.30 53.35± 0.06 0.637± 0.005 KS 11 I
2008 May 28 54614.55 185.16± 0.30 53.24± 0.05 0.782± 0.019 J 6 I
2009 May 1 54952.47 202.19± 0.30 60.90± 0.05 0.663± 0.008 K′ 8 I
2010 May 1 55317.61 221.5± 0.4 67.68± 0.05 0.605± 0.010 K 10 I
2MASS J1847+5522AB (Nep = 8,∆t = 5.65 yr)
2007 Sep 6 54349.37 179.49± 0.15 115.39± 0.04 0.282± 0.007 KS 9 I
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2008 May 20 54606.60 191.64± 0.22 117.03± 0.05 0.220± 0.025 K′ 9 I∗
2008 May 20 54606.62 191.67± 0.21 116.97± 0.09 0.242± 0.011 H 6 I∗
2008 May 28 54614.56 192.21± 0.11 117.18± 0.020 0.2810± 0.003 KS 12 I
2008 Sep 8 54717.30 196.85± 0.14 117.78± 0.030 0.277± 0.007 KS 12 I
2009 May 4 54955.47 206.76± 0.10 119.15± 0.04 0.275± 0.008 K′ 9 I∗
2010 May 1 55317.62 219.50± 0.15 121.02± 0.020 0.2670± 0.003 K 17 I
2011 Jun 26 55738.48 229.81± 0.26 122.98± 0.04 0.268± 0.007 K 14 I
2013 Apr 29 56411.56 237.56± 0.07 125.78± 0.020 0.257± 0.006 K 9 I
SDSS J2052−1609AB (Nep = 7,∆t = 8.58 yr)
2005 Oct 11 53654.30 120.4± 0.5 13.9± 0.5 0.839± 0.028 K 5 I
2005 Oct 11 53654.32 120.4± 0.4 13.2± 0.4 0.324± 0.027 H 5 I
2005 Oct 11 53654.33 119.2± 0.6 12.91± 0.25 −0.003± 0.019 J 8 I
2007 Apr 23 54213.63 110.4± 0.9 33.8± 0.5 0.11± 0.07 J 3 I
2007 Aug 7 54319.48 107.4± 0.6 37.39± 0.30 0.321± 0.025 H 4 I
2009 Aug 15 55058.44 106.4± 0.4 68.40± 0.30 0.37± 0.10 H 3 I∗
2009 Aug 15 55058.45 105.2± 1.2 70.5± 1.7 0.056± 0.028 J 3 I∗
2009 Aug 15 55058.45 105.90± 0.30 67.0± 1.0 0.80± 0.09 KS 3 I∗
2010 May 1 55317.63 108.3± 0.5 79.19± 0.19 0.86± 0.04 K 8 I
2011 Jun 26 55738.52 117.9± 0.7 94.6± 0.8 0.925± 0.026 K 7 I
2014 May 9 56786.63 146.1± 0.8 124.01± 0.20 0.861± 0.025 K 10 I
2MASS J2132+1341AB (Nep = 11,∆t = 6.19 yr)
2008 Aug 20 54698.50 58.9± 0.4 351.6± 1.4 0.750± 0.030 H 13 I
2008 Aug 20 54698.50 57.9± 0.8 354± 6 0.63± 0.04 J 15 I
2008 Aug 20 54698.50 58.2± 0.9 352.4± 1.1 0.813± 0.010 KS 13 I
2009 May 29 54980.60 72.1± 0.6 318.5± 0.8 0.820± 0.030 KS 11 I
2009 Sep 28 55102.46 80.0± 1.0 306.4± 0.5 1.12± 0.06 KS 11 I
2009 Dec 15 55180.21 85.6± 0.6 301.7± 0.5 0.94± 0.04 KS 9 I
2010 May 22 55338.58 93.8± 0.6 289.8± 0.4 0.82± 0.06 K 17 I
2011 Jul 1 55743.56 108.8± 0.7 269.11± 0.20 0.85± 0.04 K 15 I
2013 Oct 14 56579.39 104.30± 0.30 233.01± 0.14 0.932± 0.023 K 14 I
2007 Aug 7 54319.56 56.8± 0.4 57.0± 0.4 0.850± 0.030 KS 17 M
2007 Sep 6 54349.31 56.65± 0.24 51.96± 0.22 0.831± 0.015 KS 12 M
2008 Apr 27 54583.62 54.4± 1.5 10.5± 1.6 1.19± 0.12 KS 8 M
2008 Aug 20 54698.51 58.50± 0.30 352.8± 0.4 0.800± 0.030 KS 15 M
2008 Sep 8 54717.31 58.9± 0.4 350.3± 0.4 0.829± 0.023 KS 9 M
2MASS J2140+1625AB (Nep = 12,∆t = 7.87 yr)
2008 Jun 30 54647.54 110.0± 0.9 246.41± 0.22 0.674± 0.027 KS 8 I
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2008 Dec 1 54801.26 115.4± 2.6 254.0± 3.0 0.82± 0.10 KS 5 I
2009 Dec 16 55181.22 114.8± 0.9 272.7± 0.4 0.78± 0.04 KS 14 I
2010 May 23 55339.58 113.4± 1.7 280.1± 0.4 0.68± 0.12 K 21 I
2011 Apr 22 55673.63 113.8± 1.6 297.3± 0.5 0.64± 0.04 K 12 I
2012 Sep 7 56177.43 106.62± 0.20 323.58± 0.10 0.813± 0.022 K 10 I
2013 Jun 30 56473.50 104.10± 0.30 340.8± 0.6 0.694± 0.015 K 5 I
2013 Oct 14 56579.32 104.1± 0.4 347.39± 0.14 0.772± 0.022 K 21 I
2014 Jun 16 56824.48 105.00± 0.30 1.81± 0.23 0.769± 0.009 H 14 I
2014 Jun 16 56824.48 105.5± 0.7 2.1± 0.4 0.795± 0.018 J 16 I
2014 Jun 16 56824.49 105.1± 1.2 2.1± 0.6 0.970± 0.030 Y 3 I
2014 Jun 16 56824.49 105.0± 0.5 1.84± 0.16 0.712± 0.010 K 14 I
2014 Jun 16 56824.50 106.5± 0.8 1.40± 0.30 0.602± 0.016 L′ 10 I
2014 Oct 17 56947.22 106.9± 0.4 8.82± 0.23 0.794± 0.013 K 15 I
2015 Jul 27 57230.60 112.7± 0.9 24.44± 0.18 0.60± 0.04 K 8 I
2016 May 13 57521.61 119.3± 0.5 37.40± 0.30 0.812± 0.015 K 4 I
2MASS J2206−2047AB (Nep = 6,∆t = 6.54 yr)
2007 Dec 2 54436.25 120.06± 0.10 159.30± 0.30 0.062± 0.016 K′ 3 I∗
2008 May 29 54615.62 119.10± 0.14 170.07± 0.09 0.068± 0.010 KS 11 I
2008 Sep 8 54717.35 119.60± 0.30 176.02± 0.10 0.080± 0.019 H 6 I
2008 Sep 8 54717.35 120.1± 0.4 175.89± 0.10 0.059± 0.022 KS 8 I
2008 Sep 8 54717.36 119.7± 0.5 175.91± 0.14 0.107± 0.017 J 15 I
2008 Sep 8 54717.37 120.9± 0.6 176.0± 0.4 0.030± 0.026 L′ 9 I
2008 Dec 1 54801.24 120.9± 1.6 180.7± 0.7 0.09± 0.05 KS 12 I
2011 Jul 1 55743.62 148.20± 0.15 225.79± 0.04 0.042± 0.008 K 13 I
2014 Jun 16 56824.57 167.50± 0.13 260.77± 0.030 0.051± 0.006 K 16 I
DENIS J2252−1730AB (Nep = 7,∆t = 8.03 yr)
2005 Oct 11 53654.42 115.0± 3.0 349.4± 2.5 1.74± 0.09 KS 8 I
2005 Oct 11 53654.43 111± 8 347.0± 3.0 1.17± 0.23 L′ 3 I
2007 Aug 7 54319.53 74.0± 3.0 193.4± 2.2 1.71± 0.18 KS 12 M
2007 Sep 6 54349.39 76.2± 1.9 188.9± 1.2 1.55± 0.12 KS 12 M
2010 Jul 9 55386.62 58± 4 51± 4 1.68± 0.27 K 10 M
2012 Sep 7 56177.43 143.8± 0.7 7.42± 0.26 0.987± 0.028 CH4s 6 I
2012 Sep 7 56177.43 146± 4 7.6± 1.0 1.18± 0.06 H 6 I
2013 Jul 1 56474.58 148.2± 0.7 1.3± 0.8 0.95± 0.05 CH4s 4 I
2013 Oct 22 56587.23 142.5± 1.4 357.93± 0.22 0.569± 0.021 Y 6 I
2013 Oct 22 56587.24 142.1± 1.4 358.20± 0.30 0.77± 0.04 J 6 I
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Note. — In the notes column, “I” indicates an observation done with direct imaging and “M” indicates
non-redundant aperture masking.
∗This denotes a previously published data set that we obtained from the public NIRC2 archive.
∗∗This denotes a previously unpublished data set that we obtained from the public NIRC2 archive.
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Date Separation PA ∆m Bandpass Notes
(UT) (mas) (◦) (mag)
LP 349-25AB (Nep = 2)
2004 Jul 3 125± 10 12.7± 2.0 0.26± 0.05 K′ CFHT/PUEO (Forveille et al. 2005)
2004 Sep 26 107± 10 7.1± 0.5 0.38± 0.05 H VLT/NACO (Forveille et al. 2005)
LP 415-20AB (Nep = 1)
2002 Feb 7 119.0± 1.0 91.2± 0.7 0.66± 0.06 K′ Gemini/QUIRC (Siegler et al. 2003)
SDSS J0423−0414AB (Nep = 8)
2004 Jul 22 159.7± 0.6 19.73± 0.30 0.535± 0.022 F110W HST/NICMOS-NIC1
2004 Jul 22 159.3± 1.2 19.73± 0.16 0.818± 0.012 F170M HST/NICMOS-NIC1
2008 Aug 7 84.0± 3.0 183± 9 0.5± 0.8 F110W HST/NICMOS-NIC1
2008 Aug 7 83.8± 2.6 183± 5 0.7± 0.6 F170M HST/NICMOS-NIC1
2009 Dec 10 148.1± 0.6 216.4± 0.7 1.139± 0.017 F814W HST/ACS-WFC
2010 Jul 29 151.2± 0.6 223.3± 0.7 1.052± 0.018 F814W HST/ACS-WFC
2011 Feb 14 146.3± 0.6 232.2± 0.7 1.137± 0.010 F814W HST/ACS-WFC
2011 Aug 14 134.1± 0.6 238.9± 0.7 1.18± 0.03 F814W HST/ACS-WFC
2012 Feb 17 118.6± 0.6 249.9± 0.7 1.187± 0.021 F814W HST/ACS-WFC
2012 Aug 30 103.8± 0.6 263.7± 0.7 1.03± 0.03 F814W HST/ACS-WFC
2MASS J0700+3157AB (Nep = 1)
2004 Dec 29 180.4± 1.3 105.54± 0.27 1.60± 0.05 F110W HST/NICMOS-NIC1
2004 Dec 29 179.7± 2.4 105.8± 0.5 1.476± 0.021 F170M HST/NICMOS-NIC1
LHS 1901AB (Nep = 3)
2004 Jan 8 275± 5 208.0± 0.5 0.130± 0.030 K′ CFHT/PUEO (Montagnier et al. 2006)
2005 Apr 27 204± 5 215.0± 0.5 0.070± 0.030 K′ CFHT/PUEO (Montagnier et al. 2006)
2005 Oct 14 174± 5 219.6± 0.5 0.14± 0.05 H CFHT/PUEO (Montagnier et al. 2006)
2MASS J0746+2000AB (Nep = 6)
2000 Apr 15 217.8± 2.9 168.8± 0.5 0.624± 0.022 F814W HST/WFPC2-PC1
2002 Feb 7 121± 8 86± 4 0.44± 0.15 K′ Gemini/QUIRC (Bouy et al. 2004)
2002 Oct 21 121.78± 0.10 33.80± 0.28 0.6320± 0.0030 F850LP HST/ACS-HRC
2003 Mar 22 123.5± 2.1 4.6± 1.0 0.46± 0.15 H VLT/NACO (Bouy et al. 2004)
2003 Dec 4 126.5± 1.8 317.9± 0.7 0.520± 0.030 KS Keck I/NIRC speckle (Bouy et al. 2004)
2004 Jan 9 134.5± 3.0 311.1± 1.2 · · · F28X50LP HST/STIS (Bouy et al. 2004)
2MASS J0850+1057AB (Nep = 3)
2000 Feb 1 156± 4 114.2± 1.2 1.22± 0.09 F814W HST/WFPC2-PC1
2002 Oct 21 143.0± 3.0 123.2± 1.1 0.98± 0.10 F850LP HST/ACS-HRC
2003 Nov 9 132.6± 1.1 128.40± 0.30 1.19± 0.05 F110W HST/NICMOS-NIC1
2003 Nov 9 128.0± 3.0 127.8± 0.8 0.92± 0.04 F170M HST/NICMOS-NIC1
2MASS J0920+3517AB (Nep = 3)
2000 Feb 9 74.0± 3.0 247.2± 1.5 0.30± 0.10 F814W HST/WFPC2-PC1
2002 Oct 19 27± 8 57± 7 0.3± 0.6 F850LP HST/ACS-HRC
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2006 Apr 8 51± 5 241± 9 0.52± 0.17 F850LP HST/ACS-HRC
SDSS J0926+5847AB (Nep = 6)
2004 Feb 5 66.6± 1.9 132.9± 1.4 0.41± 0.12 F110W HST/NICMOS-NIC1
2004 Feb 5 67± 6 133.2± 3.0 0.84± 0.11 F170M HST/NICMOS-NIC1
2009 Nov 13 64± 4 315.50± 0.30 0.61± 0.12 F814W HST/ACS-WFC
2010 Jun 17 70.6± 0.8 314.3± 0.8 0.58± 0.08 F814W HST/ACS-WFC
2010 Nov 30 72.7± 0.9 313.8± 0.6 0.565± 0.018 F814W HST/ACS-WFC
2012 Apr 7 63.3± 0.8 313.2± 0.9 0.585± 0.026 F814W HST/ACS-WFC
2012 Nov 9 33± 5 283± 30 · · · F814W HST/ACS-WFC; ∆F814W fixed at 0.56 mag
2MASS J1017+1308AB (Nep = 1)
2001 Apr 16 99.7± 1.6 89.6± 1.2 0.27± 0.05 F814W HST/WFPC2-PC1
SDSS J1021−0304AB (Nep = 1)
2004 May 2 172± 5 244.6± 0.8 1.030± 0.019 F170M HST/NICMOS-NIC1 (Burgasser et al. 2006)
2MASS J1047+4026AB (a.k.a. LP 213-68) (Nep = 1)
2002 Apr 25 122± 8 328± 4 0.50± 0.15 K′ Gemini/QUIRC (Close et al. 2003)
Gl 417BC (Nep = 1)
2001 Feb 14 63.9± 2.3 76.2± 1.5 0.55± 0.07 F814W HST/WFPC2-PC1 (Dupuy et al. 2014)
LHS 2397aAB (Nep = 3)
1997 Apr 12 274± 4 87.3± 0.8 4.18± 0.08 F814W HST/WFPC2-PC1 (Dupuy et al. 2009c)
2003 May 31 168± 8 188.6± 1.2 · · · KS VLT/NACO (Dupuy et al. 2009c)
2006 Jan 12 129± 5 276.2± 1.4 · · · KS VLT/NACO (Dupuy et al. 2009c)
DENIS J1228−1557AB (Nep = 8)
1998 Jun 2 275.0± 2.0 41.00± 0.20 · · · F110M HST/NICMOS-NIC1 (Mart´ın et al. 1999)
2001 Mar 4 246± 20 23.0± 2.0 0.44± 0.09 F814W HST/WFPC2-PC1 (Bouy et al. 2003)
2001 Jun 16 255.4± 2.8 18.30± 0.30 0.36± 0.07 F814W HST/WFPC2-PC1 (Bouy et al. 2003)
2002 Jan 3 252.1± 2.8 13.70± 0.30 · · · F814W HST/WFPC2-PC1 (Brandner et al. 2004)
2002 Apr 25 250± 7 11.4± 0.8 · · · F28X50LP HST/STIS (Brandner et al. 2004)
2002 Jun 9 247.6± 2.8 9.80± 0.30 · · · F814W HST/WFPC2-PC1 (Brandner et al. 2004)
2002 Dec 30 243.6± 2.8 5.70± 0.30 · · · F814W HST/WFPC2-PC1 (Brandner et al. 2004)
2003 Dec 29 239.2± 2.8 356.70± 0.30 · · · F814W HST/WFPC2-PC1 (Brandner et al. 2004)
Kelu-1AB (Nep = 1)
1998 Aug 14 42.5± 1.7 34± 5 0.58± 0.21 F110M HST/NICMOS-NIC1
1998 Aug 14 49± 5 30.9± 2.2 1.3± 0.4 F165M HST/NICMOS-NIC1
HD 130948BC (Nep = 2)
2002 Sep 6 94.6± 1.1 306.9± 1.0 0.47± 0.05 FR914M HST/ACS-HRC coronagraph (Dupuy et al. 2009b)
2005 Feb 23 56.8± 0.6 146.6± 0.6 0.24± 0.05 F850LP HST/ACS-HRC coronagraph (Dupuy et al. 2009b)
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Date Separation PA ∆m Bandpass Notes
(UT) (mas) (◦) (mag)
Gl 569Bab (Nep = 1)
2002 Jun 26 97.3± 1.3 94.0± 1.3 0.990± 0.030 F28X50LP HST/STIS (Dupuy et al. 2010)
2MASS J1534−2952AB (Nep = 3)
2000 Aug 18 62.8± 1.2 357.1± 0.8 0.30± 0.05 F814W HST/WFPC2-PC1 (Liu et al. 2008)
2006 Jan 19 199.0± 1.1 14.5± 0.6 0.28± 0.06 F814W HST/ACS-HRC (Liu et al. 2008)
2006 Apr 11 191.2± 1.1 15.5± 0.4 0.30± 0.04 F814W HST/ACS-HRC (Liu et al. 2008)
2MASS J1728+3948AB (Nep = 5)
2000 Aug 12 130.1± 2.4 27.2± 0.8 0.41± 0.07 F814W HST/WFPC2-PC1
2003 Sep 7 158.0± 2.0 66.80± 0.30 0.290± 0.030 F110W HST/NICMOS-NIC1
2003 Sep 7 158.7± 1.2 66.85± 0.22 0.465± 0.012 F170M HST/NICMOS-NIC1
2005 Aug 14 182± 7 82.9± 0.9 0.47± 0.11 F814W HST/ACS-HRC
2006 Jan 1 188± 6 86.1± 1.9 0.59± 0.12 F814W HST/ACS-HRC
2006 May 18 195.2± 2.3 88.8± 2.3 0.50± 0.30 F814W HST/ACS-HRC
2MASS J1750+4424AB (Nep = 1)
2002 Apr 25 158± 5 339.6± 0.7 0.64± 0.10 K′ Gemini/QUIRC (Siegler et al. 2003)
2MASS J1847+5522AB (Nep = 1)
2003 Jul 10 82± 5 91.1± 1.4 0.16± 0.10 KS Subaru/CIAO (Siegler et al. 2005)
SDSS J2052−1609AB (Nep = 1)
2008 Jun 24 104± 7 50.1± 1.7 0.2± 0.4 F110W HST/NICMOS-NIC1
2008 Jun 24 101± 6 50.0± 1.8 0.42± 0.24 F170M HST/NICMOS-NIC1
2MASS J2140+1625AB (Nep = 1)
2001 May 31 157.0± 2.8 131.5± 0.6 1.26± 0.04 F814W HST/WFPC2-PC1
2MASS J2206−2047AB (Nep = 1)
2000 Aug 13 161.1± 1.8 57.5± 1.1 0.060± 0.020 F814W HST/WFPC2-PC1 (Dupuy et al. 2009a)
DENIS J2252−1730AB (Nep = 2)
2005 Jun 21 126.4± 1.0 353.1± 0.4 0.980± 0.030 F110W HST/NICMOS-NIC1
2005 Jun 21 127.4± 1.5 352.90± 0.30 1.300± 0.024 F170M HST/NICMOS-NIC1
2008 May 1 87.8± 2.8 165.0± 3.0 0.7± 0.4 F110W HST/NICMOS-NIC1
2008 May 1 88± 5 169± 4 1.07± 0.13 F170M HST/NICMOS-NIC1
Note. — The measurements reported in this table are from our own analysis of archival data in this paper, unless another
reference is given in the Notes column.
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Table 4. Integrated-light astrometry from CFHT/WIRCam
Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
LP 349-25AB (Nep = 20,∆t = 8.26 yr)
2008 Aug 9 54687.5662 006.98451510 +22.32547171 2.4 2.6 1.001 0.61
2008 Sep 6 54715.4857 006.98451751 +22.32546921 3.0 8.6 1.001 0.48
2008 Oct 8 54747.4233 006.98451811 +22.32545820 2.8 3.3 1.008 0.53
2008 Oct 9 54748.3920 006.98451801 +22.32545770 2.7 3.5 1.002 0.75
2008 Nov 16 54786.2900 006.98451972 +22.32544801 1.9 3.2 1.002 0.90
2009 Jul 29 55041.6143 006.98463346 +22.32542572 2.6 4.0 1.006 0.84
2009 Aug 4 55047.6397 006.98463611 +22.32542544 3.1 3.6 1.063 0.56
2009 Aug 8 55051.5876 006.98463564 +22.32542301 2.0 2.3 1.006 0.68
2009 Aug 25 55068.5222 006.98463634 +22.32542258 2.8 2.1 1.001 0.68
2009 Oct 21 55125.3717 006.98463934 +22.32540909 2.8 2.5 1.001 0.71
2009 Nov 6 55141.3542 006.98463957 +22.32540230 8.4 8.7 1.016 0.79
2009 Dec 22 55187.2217 006.98464710 +22.32538996 1.6 1.8 1.010 0.58
2010 Aug 15 55423.5592 006.98475726 +22.32537588 1.4 2.4 1.002 0.58
2010 Sep 15 55454.4572 006.98476077 +22.32536973 3.1 2.8 1.003 0.47
2010 Oct 22 55491.3577 006.98475905 +22.32536073 5.2 3.8 1.002 0.63
2011 Jul 19 55761.6019 006.98487661 +22.32533064 3.3 1.5 1.012 0.53
2011 Jul 25 55767.5641 006.98487564 +22.32533050 3.1 4.2 1.039 0.69
2016 Aug 17 57617.5512 006.98549184 +22.32509917 4.6 5.2 1.002 0.46
2016 Sep 10 57641.4343 006.98549407 +22.32509416 3.6 5.6 1.038 0.57
2016 Nov 13 57705.2584 006.98549810 +22.32507409 18.4 12.0 1.040 0.51
LP 415-20AB (Nep = 29,∆t = 8.20 yr)
2008 Sep 6 54715.6377 065.45707764 +19.48577984 2.6 4.1 1.004 0.50
2008 Oct 9 54748.5746 065.45707891 +19.48577781 2.0 2.0 1.003 0.62
2008 Nov 7 54777.4642 065.45707952 +19.48577686 3.5 3.5 1.007 0.44
2009 Jan 20 54851.2642 065.45707825 +19.48577261 2.8 2.7 1.005 0.48
2009 Aug 26 55069.6266 065.45711418 +19.48576986 2.4 2.7 1.060 0.49
2009 Oct 21 55125.5383 065.45711501 +19.48576642 2.4 2.2 1.001 0.68
2009 Dec 23 55188.3265 065.45711472 +19.48576463 2.2 2.8 1.018 0.54
2011 Feb 14 55606.2458 065.45715239 +19.48575444 4.1 5.7 1.017 0.43
2011 Feb 15 55607.2601 065.45715280 +19.48575233 1.9 2.2 1.043 0.55
2011 Feb 16 55608.2193 065.45715244 +19.48575193 3.8 6.0 1.002 0.87
2011 Feb 17 55609.2185 065.45715328 +19.48575339 2.9 3.6 1.003 0.47
2011 Feb 18 55610.2212 065.45715390 +19.48575184 3.7 5.2 1.006 0.42
2011 Sep 12 55816.6272 065.45718873 +19.48574905 4.5 6.3 1.002 0.49
2011 Oct 13 55847.5666 065.45718887 +19.48574814 1.8 4.0 1.003 0.51
2011 Dec 29 55924.3353 065.45718785 +19.48574534 5.3 4.4 1.001 0.58
2012 Mar 12 55998.2204 065.45719159 +19.48574187 1.6 4.1 1.120 0.69
2012 Mar 13 55999.2149 065.45719315 +19.48574251 2.8 4.6 1.111 0.66
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2012 Sep 2 56172.6480 065.45722338 +19.48573924 4.7 8.3 1.004 0.53
2012 Oct 4 56204.5559 065.45722569 +19.48573706 6.2 5.6 1.007 0.67
2012 Oct 26 56226.5337 065.45722586 +19.48573689 5.1 8.5 1.005 0.49
2013 Oct 20 56585.5096 065.45726237 +19.48572826 2.9 4.9 1.010 0.47
2013 Dec 11 56637.3933 065.45726175 +19.48572620 3.7 4.3 1.000 0.75
2014 Oct 4 56934.6139 065.45729950 +19.48571693 4.7 6.3 1.024 0.69
2014 Oct 15 56945.5615 065.45729939 +19.48571782 4.7 5.2 1.003 0.51
2014 Nov 28 56989.4224 065.45729962 +19.48571765 2.9 4.2 1.000 0.58
2015 Jan 31 57053.2523 065.45729715 +19.48571173 3.6 6.4 1.000 0.46
2016 Aug 19 57619.6315 065.45736797 +19.48569915 3.4 3.7 1.094 0.44
2016 Sep 10 57641.6047 065.45737049 +19.48569838 3.6 5.2 1.025 0.47
2016 Nov 19 57711.4847 065.45737296 +19.48569813 3.4 4.1 1.021 0.51
SDSS J0423−0414AB (Nep = 25,∆t = 9.23 yr)
2007 Aug 29 54341.6436 065.95181860 −04.23391019 2.7 2.6 1.122 0.48
2007 Sep 20 54363.6214 065.95181115 −04.23391064 1.4 2.1 1.095 0.68
2007 Oct 21 54394.5392 065.95179837 −04.23391479 3.6 3.7 1.096 0.54
2008 Sep 6 54715.6290 065.95172439 −04.23388613 2.3 3.3 1.109 0.61
2008 Oct 9 54748.5832 065.95171189 −04.23388825 2.7 2.6 1.103 0.75
2008 Nov 7 54777.4729 065.95169711 −04.23388941 2.6 3.6 1.098 0.51
2009 Jan 22 54853.2749 065.95165483 −04.23388602 2.4 3.5 1.095 0.66
2009 Aug 26 55069.6420 065.95163530 −04.23386030 2.2 1.8 1.137 0.58
2009 Oct 21 55125.5477 065.95161613 −04.23386429 3.0 2.1 1.101 1.02
2009 Oct 23 55127.5111 065.95161449 −04.23386382 1.9 3.2 1.100 0.97
2011 Feb 11 55603.2255 065.95146664 −04.23383042 2.6 3.7 1.095 0.77
2011 Feb 14 55606.2283 065.95146584 −04.23382883 2.3 2.9 1.098 0.50
2011 Sep 19 55823.6537 065.95144784 −04.23381093 3.9 4.7 1.120 0.91
2011 Sep 26 55830.6302 065.95144604 −04.23381120 2.0 2.3 1.114 0.73
2011 Oct 16 55850.5521 065.95143746 −04.23381313 2.6 1.8 1.095 0.72
2011 Dec 6 55901.4306 065.95140957 −04.23381558 2.0 2.2 1.107 0.78
2012 Sep 4 56174.6340 065.95136483 −04.23378537 3.6 3.3 1.109 0.69
2012 Oct 12 56212.5810 065.95134917 −04.23378733 5.2 6.0 1.109 1.01
2012 Oct 28 56228.5512 065.95134037 −04.23378896 3.0 3.9 1.130 0.76
2015 Feb 2 57055.2870 065.95111041 −04.23373150 4.3 4.8 1.129 0.78
2015 Aug 21 57255.6458 065.95109653 −04.23370841 3.7 3.2 1.163 0.68
2015 Oct 22 57317.5458 065.95107366 −04.23371352 2.7 2.6 1.100 0.56
2016 Aug 19 57619.6378 065.95100546 −04.23368359 3.6 2.5 1.198 0.47
2016 Sep 9 57640.6240 065.95100199 −04.23368419 2.7 2.6 1.106 0.47
2016 Nov 21 57713.4566 065.95096784 −04.23368899 2.7 3.8 1.097 0.45
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2MASS J0700+3157AB (Nep = 19,∆t = 7.85 yr)
2008 Feb 17 54513.3004 105.15335763 +31.95614074 4.1 3.5 1.027 0.45
2008 Feb 23 54519.2949 105.15335608 +31.95613904 2.9 6.5 1.023 0.51
2008 Nov 7 54777.5824 105.15343295 +31.95602426 3.0 3.3 1.025 0.47
2009 Jan 20 54851.3886 105.15341125 +31.95599745 2.0 1.9 1.023 0.83
2009 Mar 12 54902.2632 105.15340038 +31.95597555 2.2 4.1 1.025 0.57
2009 Oct 21 55125.6123 105.15348317 +31.95587559 3.3 2.8 1.036 0.78
2009 Dec 22 55187.4874 105.15346990 +31.95585519 1.4 2.5 1.027 0.66
2010 Mar 24 55279.2824 105.15344757 +31.95581541 1.9 2.6 1.090 0.64
2010 Apr 4 55290.2176 105.15344673 +31.95581009 3.0 2.9 1.035 0.67
2011 Mar 17 55637.2585 105.15349297 +31.95566447 2.7 2.7 1.029 0.66
2011 Sep 30 55834.6489 105.15357193 +31.95557487 3.3 2.9 1.066 0.59
2011 Oct 15 55849.6443 105.15357411 +31.95557031 3.7 3.3 1.026 0.58
2011 Dec 5 55900.5321 105.15356721 +31.95555165 2.9 5.1 1.026 0.71
2012 Mar 2 55988.2727 105.15353799 +31.95551788 3.7 2.6 1.023 0.79
2012 Apr 1 56018.2275 105.15353912 +31.95550288 8.5 3.6 1.039 0.61
2012 Oct 12 56212.6295 105.15361571 +31.95541771 3.5 4.1 1.043 0.65
2012 Oct 26 56226.6404 105.15361767 +31.95541017 3.6 4.3 1.026 0.59
2015 Oct 22 57317.6369 105.15372454 +31.95495739 3.2 4.2 1.023 0.56
2015 Dec 24 57380.4323 105.15370973 +31.95493516 3.2 2.9 1.043 0.52
LHS 1901AB (Nep = 15,∆t = 3.81 yr)
2008 Feb 17 54513.3089 107.79887618 +43.49844276 17.4 16.7 1.096 0.55
2008 Feb 23 54519.3013 107.79887797 +43.49843496 13.6 9.7 1.092 0.54
2008 Nov 7 54777.5905 107.79901700 +43.49831760 10.2 6.6 1.093 0.56
2009 Jan 20 54851.3976 107.79901056 +43.49829468 3.2 2.4 1.092 0.83
2009 Mar 12 54902.2717 107.79900991 +43.49826914 2.5 4.2 1.094 0.56
2009 Oct 21 55125.6209 107.79914462 +43.49816864 3.1 3.3 1.104 0.83
2009 Dec 23 55188.4847 107.79914914 +43.49814873 3.3 3.0 1.093 0.69
2010 Mar 25 55280.2349 107.79914829 +43.49810699 1.8 3.7 1.093 0.83
2010 Apr 5 55291.2182 107.79915157 +43.49810026 1.3 2.0 1.101 0.67
2011 Feb 10 55602.3753 107.79927998 +43.49797025 1.4 4.6 1.109 0.58
2011 Mar 17 55637.2639 107.79928238 +43.49795582 3.0 4.5 1.096 0.72
2011 Mar 20 55640.2380 107.79928508 +43.49795280 4.2 2.9 1.092 0.76
2011 Apr 16 55667.2219 107.79929395 +43.49793735 3.0 4.3 1.145 0.61
2011 Dec 5 55900.5395 107.79942454 +43.49784055 2.5 6.2 1.094 0.75
2011 Dec 9 55904.5536 107.79942433 +43.49784183 4.0 2.6 1.115 0.64
2MASS J0746+2000AB (Nep = 17,∆t = 8.73 yr)
2008 Feb 21 54517.3357 116.67639167 +20.00895385 2.0 1.7 1.000 0.66
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2008 Feb 24 54520.3197 116.67638952 +20.00895422 1.6 1.3 1.002 0.66
2008 Nov 7 54777.6254 116.67634931 +20.00893836 3.1 3.6 1.000 0.63
2008 Nov 15 54785.6035 116.67634348 +20.00893820 2.6 3.0 1.000 0.63
2009 Jan 20 54851.4246 116.67630394 +20.00893927 1.9 1.8 1.000 0.78
2009 Mar 12 54902.3242 116.67627084 +20.00894205 1.4 2.4 1.029 0.65
2009 Oct 21 55125.6377 116.67624770 +20.00892504 2.6 2.3 1.021 0.83
2010 Apr 22 55308.2266 116.67614615 +20.00892748 1.6 1.9 1.053 0.63
2011 Oct 16 55850.6579 116.67603021 +20.00889689 2.8 2.5 1.016 0.64
2011 Dec 5 55900.5863 116.67600946 +20.00889448 4.0 3.6 1.022 0.62
2012 Jan 1 55927.4358 116.67599041 +20.00889564 3.0 3.1 1.031 0.64
2015 Feb 8 57061.3256 116.67564015 +20.00884914 2.4 2.2 1.040 0.64
2015 Oct 22 57317.6571 116.67559848 +20.00883194 3.4 3.8 1.003 0.55
2016 Mar 20 57467.2703 116.67551015 +20.00883319 3.2 4.0 1.001 0.54
2016 Apr 25 57503.2650 116.67549896 +20.00883141 2.6 6.3 1.213 0.51
2016 Sep 12 57643.6452 116.67550263 +20.00882084 6.9 5.3 1.414 0.74
2016 Nov 12 57704.6633 116.67548532 +20.00881803 4.7 4.4 1.048 0.49
2MASS J0850+1057AB (Nep = 17,∆t = 8.97 yr)
2007 Nov 24 54428.6123 132.64945253 +10.95438678 3.2 3.4 1.015 0.62
2008 Feb 22 54518.3805 132.64943195 +10.95438736 3.4 2.8 1.012 0.56
2008 Apr 20 54576.2294 132.64942188 +10.95438818 2.8 3.1 1.014 0.61
2008 Apr 28 54584.2268 132.64942092 +10.95438810 2.1 2.2 1.027 0.48
2008 Nov 9 54779.6573 132.64941468 +10.95438227 1.5 1.3 1.013 0.62
2009 Jan 21 54852.4611 132.64939969 +10.95438154 1.3 1.7 1.012 0.58
2009 Oct 26 55130.6511 132.64937571 +10.95437891 2.4 2.1 1.065 1.11
2010 Mar 24 55279.2949 132.64934368 +10.95437974 1.2 2.1 1.012 0.80
2010 Apr 24 55310.2247 132.64933835 +10.95438151 2.5 2.0 1.016 0.84
2011 Dec 4 55899.6309 132.64928937 +10.95436891 2.5 2.6 1.033 0.56
2012 Jan 23 55949.4455 132.64927661 +10.95437053 2.9 2.6 1.017 0.77
2012 Mar 12 55998.3735 132.64926492 +10.95437218 1.0 1.9 1.053 0.57
2012 Apr 10 56027.2801 132.64925897 +10.95437150 2.2 1.7 1.031 0.54
2012 Oct 29 56229.6484 132.64925354 +10.95436777 2.7 2.5 1.053 0.50
2015 Feb 8 57061.4245 132.64915069 +10.95435940 1.8 2.1 1.013 0.60
2016 Nov 8 57700.6490 132.64908829 +10.95434866 2.0 3.2 1.018 0.46
2016 Nov 11 57703.6267 132.64908811 +10.95435022 2.5 2.3 1.032 0.43
2MASS J0920+3517AB (Nep = 26,∆t = 8.96 yr)
2007 Nov 23 54427.6629 140.05058120 +35.29485824 8.6 7.4 1.041 0.95
2007 Nov 24 54428.6288 140.05058328 +35.29485459 3.2 2.0 1.042 0.57
2008 Feb 17 54513.4041 140.05055711 +35.29484718 3.7 2.1 1.039 0.58
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2008 Feb 23 54519.4006 140.05055489 +35.29484749 2.6 4.5 1.038 0.81
2008 Apr 20 54576.2474 140.05053741 +35.29483700 3.1 2.1 1.038 0.64
2008 Apr 28 54584.2397 140.05053460 +35.29483313 3.1 4.4 1.044 0.47
2009 Jan 19 54850.4910 140.05050054 +35.29479413 2.1 3.2 1.037 0.93
2009 Apr 7 54928.2870 140.05047564 +35.29478346 1.9 2.3 1.039 0.64
2009 Apr 8 54929.2815 140.05047440 +35.29478416 3.2 1.9 1.038 0.94
2009 Apr 13 54934.2309 140.05047435 +35.29478327 1.3 1.7 1.053 0.75
2009 Nov 6 55141.6622 140.05045709 +35.29474589 3.4 3.3 1.054 0.68
2009 Dec 24 55189.5483 140.05044400 +35.29474044 1.8 2.0 1.041 0.50
2010 Mar 24 55279.3186 140.05041319 +35.29473096 1.4 2.2 1.037 0.58
2010 Apr 4 55290.2745 140.05040964 +35.29472838 1.9 1.7 1.040 0.65
2010 Apr 21 55307.2497 140.05040606 +35.29472527 1.2 1.1 1.039 0.56
2010 May 4 55320.2328 140.05040261 +35.29472258 1.8 2.1 1.050 0.64
2011 Dec 5 55900.6128 140.05032326 +35.29463349 2.7 4.6 1.037 0.60
2012 Mar 14 56000.2716 140.05029128 +35.29462167 2.4 2.9 1.126 0.56
2012 Mar 31 56017.2790 140.05028517 +35.29462035 3.8 3.3 1.042 0.64
2012 Oct 27 56227.6377 140.05026895 +35.29458134 2.2 1.7 1.159 0.64
2015 May 3 57145.2758 140.05009674 +35.29444974 1.7 2.0 1.117 0.56
2015 Dec 24 57380.5919 140.05007370 +35.29441250 3.2 2.1 1.050 0.49
2016 Mar 21 57468.3295 140.05004438 +35.29440250 2.1 3.1 1.038 0.55
2016 Apr 24 57502.2504 140.05003447 +35.29439516 1.8 2.0 1.044 0.70
2016 May 22 57530.2493 140.05002879 +35.29438964 1.5 2.7 1.204 0.72
2016 Nov 9 57701.6522 140.05001664 +35.29435887 5.6 5.2 1.055 0.39
SDSS J0926+5847AB (Nep = 14,∆t = 4.12 yr)
2008 Feb 17 54513.4135 141.56432724 +58.78890076 1.8 2.4 1.286 0.59
2008 Apr 20 54576.2566 141.56431001 +58.78888534 3.1 3.0 1.287 0.59
2009 Jan 19 54850.5090 141.56434228 +58.78884176 2.2 2.4 1.288 1.08
2009 Apr 5 54926.2877 141.56431765 +58.78883159 2.3 3.6 1.285 0.87
2010 Mar 24 55279.3311 141.56432615 +58.78877363 0.9 2.0 1.287 0.62
2010 Apr 4 55290.2870 141.56432437 +58.78877051 1.2 2.1 1.285 0.57
2010 Apr 21 55307.2624 141.56432132 +58.78876583 1.1 1.9 1.290 0.60
2010 May 6 55322.2278 141.56432077 +58.78876135 1.4 2.3 1.295 0.60
2011 Jan 22 55583.4874 141.56435285 +58.78872302 1.8 1.4 1.285 0.70
2011 Feb 10 55602.4389 141.56434613 +58.78871998 1.6 2.3 1.285 0.69
2011 Mar 17 55637.3323 141.56433547 +58.78871491 2.4 1.6 1.286 0.70
2011 Mar 20 55640.3260 141.56433367 +58.78871443 3.6 3.9 1.286 0.69
2011 Dec 6 55901.5962 141.56437142 +58.78866537 2.3 1.7 1.292 0.68
2012 Mar 31 56017.2886 141.56433967 +58.78865056 3.2 3.4 1.287 0.67
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2MASS J1017+1308AB (Nep = 22,∆t = 8.73 yr)
2008 Feb 18 54514.4408 154.28178693 +13.14419220 2.2 1.4 1.009 0.61
2008 Feb 23 54519.4475 154.28178626 +13.14419198 2.0 1.9 1.009 0.71
2008 Apr 20 54576.2675 154.28178328 +13.14418986 2.8 3.0 1.010 0.61
2008 Apr 28 54584.2617 154.28178313 +13.14418841 3.5 2.7 1.007 0.49
2009 Jan 19 54850.5444 154.28180388 +13.14416131 2.7 3.8 1.011 0.91
2009 Apr 8 54929.3172 154.28179646 +13.14415595 2.2 4.0 1.007 0.83
2009 Apr 15 54936.2737 154.28179669 +13.14415722 1.8 2.9 1.016 0.75
2010 Mar 24 55279.3487 154.28181173 +13.14412620 1.6 3.1 1.008 0.75
2010 Apr 4 55290.3212 154.28181172 +13.14412566 2.6 2.8 1.007 0.87
2010 Apr 21 55307.2751 154.28180957 +13.14412474 1.9 2.0 1.007 0.56
2010 May 4 55320.2434 154.28180828 +13.14412410 2.0 2.3 1.007 0.49
2011 Feb 10 55602.4977 154.28182943 +13.14409501 2.4 2.5 1.020 0.64
2011 Mar 21 55641.3577 154.28182553 +13.14409305 3.0 3.6 1.008 0.67
2011 Apr 12 55663.3229 154.28182210 +13.14409101 3.2 3.8 1.013 0.63
2012 Apr 1 56018.3340 154.28183944 +13.14406108 3.0 3.8 1.007 0.63
2013 Mar 21 56372.3944 154.28185286 +13.14403045 3.1 4.2 1.025 0.68
2013 Apr 27 56409.2801 154.28185076 +13.14402706 2.8 3.8 1.013 0.53
2014 Nov 30 56991.6529 154.28188776 +13.14397029 3.1 3.2 1.011 0.54
2015 May 3 57145.2922 154.28187570 +13.14396132 2.8 3.3 1.045 0.47
2015 Dec 25 57381.5867 154.28190039 +13.14393577 2.6 2.2 1.011 0.71
2016 Apr 23 57501.2788 154.28188949 +13.14392813 5.2 3.9 1.008 0.49
2016 Nov 9 57701.6592 154.28191389 +13.14390551 4.0 4.6 1.090 0.43
SDSS J1021−0304AB (Nep = 12,∆t = 3.80 yr)
2008 Feb 18 54514.4496 155.29018457 −03.07199613 2.0 2.6 1.086 0.75
2008 Apr 20 54576.2765 155.29016960 −03.07199666 2.7 1.9 1.087 0.63
2009 Jan 20 54851.5353 155.29014765 −03.07201795 2.7 2.2 1.086 0.81
2009 Apr 13 54934.3110 155.29012740 −03.07201833 2.1 2.9 1.087 0.61
2009 Apr 15 54936.2847 155.29012581 −03.07201846 1.4 1.2 1.090 0.64
2010 Mar 24 55279.3573 155.29008606 −03.07203851 1.8 1.7 1.086 0.82
2010 Apr 25 55311.2714 155.29007891 −03.07203988 2.9 3.2 1.086 0.72
2011 Jan 24 55585.5290 155.29005805 −03.07205911 2.8 1.7 1.088 0.89
2011 Feb 11 55603.4648 155.29005516 −03.07205865 10.0 15.7 1.087 1.24
2011 Feb 12 55604.4662 155.29005189 −03.07205961 1.4 2.3 1.086 0.76
2011 Mar 21 55641.3907 155.29004152 −03.07205976 2.4 2.4 1.098 0.76
2011 Dec 7 55902.6550 155.29002367 −03.07207642 2.6 2.1 1.086 0.88
2MASS J1047+4026AB (a.k.a. LP 213-68) (Nep = 26,∆t = 8.56 yr)
2008 Apr 20 54576.2863 161.80657096 +40.44722711 4.8 3.3 1.072 0.59
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2009 Jan 20 54851.5487 161.80650379 +40.44721755 5.1 4.8 1.068 0.77
2009 Apr 15 54936.2968 161.80646366 +40.44721696 2.6 2.7 1.074 0.60
2009 Jun 4 54986.2354 161.80644609 +40.44721364 2.3 2.6 1.120 0.54
2010 Mar 25 55280.3839 161.80636686 +40.44721239 2.8 5.1 1.070 0.80
2010 Apr 4 55290.3324 161.80635982 +40.44720998 2.5 2.1 1.071 0.72
2010 Apr 21 55307.2859 161.80635367 +40.44720929 1.9 2.7 1.071 0.48
2010 May 4 55320.2546 161.80634806 +40.44720986 3.5 2.8 1.070 0.42
2011 Feb 11 55603.5086 161.80628118 +40.44720156 2.9 3.3 1.074 0.82
2011 Mar 20 55640.4269 161.80626511 +40.44720146 5.3 4.5 1.092 0.58
2011 Apr 15 55666.3487 161.80624726 +40.44720177 3.5 5.4 1.084 0.74
2011 May 16 55697.2344 161.80623627 +40.44719951 2.0 2.8 1.068 0.53
2011 Dec 9 55904.6586 161.80620424 +40.44718608 4.5 4.2 1.069 0.51
2013 Dec 7 56633.6598 161.80598681 +40.44716786 3.1 4.1 1.069 0.63
2013 Dec 11 56637.6453 161.80598559 +40.44717045 3.6 3.1 1.071 0.60
2014 May 20 56797.2681 161.80591623 +40.44717097 2.9 4.2 1.104 0.52
2014 Dec 2 56993.6596 161.80588114 +40.44715900 1.6 2.1 1.077 0.51
2015 Apr 30 57142.3096 161.80581589 +40.44716468 4.1 6.0 1.086 0.65
2015 May 2 57144.2980 161.80581355 +40.44716705 2.2 3.1 1.080 0.60
2015 Jun 1 57174.2330 161.80580367 +40.44716346 3.5 3.3 1.099 0.46
2015 Dec 23 57379.6546 161.80576794 +40.44715396 3.2 3.0 1.080 0.54
2016 Mar 19 57466.3811 161.80572670 +40.44715861 3.7 3.7 1.069 0.54
2016 Apr 24 57502.2785 161.80570913 +40.44715762 3.4 3.4 1.070 0.61
2016 May 23 57531.2822 161.80570001 +40.44715101 6.6 10.5 1.153 0.63
2016 May 24 57532.2317 161.80569840 +40.44715290 2.7 6.4 1.076 0.57
2016 Nov 11 57703.6355 161.80567442 +40.44713951 4.7 4.4 1.269 0.45
SDSS J1052+4422AB (Nep = 25,∆t = 7.85 yr)
2008 Feb 17 54513.4691 163.05663183 +44.38222483 1.7 2.1 1.100 0.55
2008 Feb 23 54519.4578 163.05663067 +44.38222560 1.8 2.9 1.099 0.58
2008 Apr 19 54575.3258 163.05662028 +44.38221962 2.0 1.6 1.104 0.60
2008 Apr 28 54584.2898 163.05661843 +44.38221752 2.6 3.3 1.100 0.53
2009 Apr 15 54936.3076 163.05662851 +44.38218386 1.2 2.0 1.101 0.59
2009 Jun 6 54988.2377 163.05662468 +44.38217404 2.9 2.7 1.160 0.62
2010 Mar 24 55279.4032 163.05663759 +44.38215056 1.8 1.5 1.107 0.90
2010 Apr 4 55290.3434 163.05663461 +44.38214921 1.9 1.8 1.100 0.70
2010 Apr 21 55307.2971 163.05663322 +44.38214642 1.4 1.6 1.100 0.62
2010 May 5 55321.2619 163.05663170 +44.38214527 1.1 1.5 1.099 0.59
2011 Feb 12 55604.5235 163.05665512 +44.38211697 1.6 2.2 1.117 0.62
2011 Mar 20 55640.4343 163.05664838 +44.38211539 3.1 2.3 1.128 0.67
2011 Apr 15 55666.3584 163.05664344 +44.38211172 2.1 3.1 1.122 0.83
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2011 May 18 55699.2707 163.05663914 +44.38210543 2.0 3.8 1.125 0.66
2011 Dec 9 55904.6656 163.05667201 +44.38208038 2.2 1.9 1.099 0.55
2012 Jan 2 55928.5799 163.05667008 +44.38207996 2.1 2.2 1.107 0.59
2012 Apr 4 56021.3795 163.05665410 +44.38207716 1.6 2.1 1.114 0.63
2013 Apr 27 56409.3155 163.05666568 +44.38203601 2.2 3.2 1.112 0.58
2013 Dec 17 56643.6628 163.05669580 +44.38200526 3.3 1.7 1.104 0.95
2014 May 10 56787.2846 163.05667558 +44.38199660 1.5 1.8 1.116 0.54
2014 Dec 2 56993.6691 163.05670678 +44.38196556 2.4 2.0 1.104 0.56
2014 Dec 3 56994.6475 163.05670632 +44.38196543 2.6 2.7 1.121 0.55
2015 Jan 21 57043.5711 163.05670325 +44.38196597 2.9 1.7 1.106 0.73
2015 Apr 30 57142.3183 163.05668496 +44.38195896 3.3 5.4 1.123 0.64
2015 Dec 23 57379.6622 163.05671538 +44.38192885 1.5 2.0 1.115 0.78
LHS 2397aAB (Nep = 31,∆t = 7.84 yr)
2008 Feb 19 54515.4849 170.45393417 −13.21895501 2.6 2.3 1.195 0.56
2008 Feb 24 54520.4880 170.45393175 −13.21895632 3.1 3.3 1.196 0.56
2008 Apr 19 54575.3360 170.45389292 −13.21895070 2.0 3.7 1.195 0.69
2008 Apr 27 54583.3142 170.45388766 −13.21894726 2.9 7.4 1.195 0.61
2008 May 17 54603.2433 170.45387447 −13.21894658 4.9 3.6 1.196 0.80
2008 May 26 54612.2329 170.45387077 −13.21894540 7.3 4.6 1.194 0.46
2009 Jan 20 54851.5782 170.45380691 −13.21896971 6.8 8.9 1.195 0.83
2009 Apr 4 54925.3913 170.45375594 −13.21896681 4.4 4.2 1.205 0.80
2009 Apr 5 54926.3742 170.45375409 −13.21896377 8.0 15.9 1.195 0.97
2009 Apr 15 54936.3337 170.45374693 −13.21896556 2.1 3.7 1.195 0.60
2009 Jun 8 54990.2358 170.45371862 −13.21896059 2.1 2.9 1.243 0.59
2010 Mar 24 55279.4161 170.45361695 −13.21898068 2.3 5.0 1.200 0.77
2010 Apr 21 55307.3102 170.45360073 −13.21897591 4.2 4.1 1.199 0.58
2010 May 5 55321.2747 170.45359122 −13.21897521 3.1 3.9 1.197 0.57
2010 May 22 55338.2446 170.45358171 −13.21897378 3.5 3.7 1.194 0.54
2010 Jun 27 55374.2406 170.45356788 −13.21897340 4.1 4.4 1.504 0.61
2010 Jul 4 55381.2376 170.45356585 −13.21897030 2.8 3.5 1.648 0.57
2011 Feb 13 55605.5099 170.45350187 −13.21899615 2.5 4.4 1.194 0.60
2011 May 16 55697.2764 170.45344322 −13.21898750 2.7 7.1 1.204 0.79
2012 Jan 21 55947.6147 170.45337949 −13.21900456 4.9 5.9 1.244 0.54
2012 Mar 2 55988.4692 170.45334941 −13.21900578 3.0 4.8 1.196 0.63
2012 Mar 14 56000.5027 170.45334224 −13.21900599 6.8 4.5 1.360 0.78
2012 Apr 2 56019.3887 170.45332834 −13.21900195 2.3 3.1 1.199 0.54
2013 Mar 21 56372.4318 170.45319947 −13.21901320 3.0 7.8 1.208 0.66
2013 Apr 28 56410.3459 170.45317352 −13.21900925 5.1 5.2 1.240 0.63
2013 Dec 25 56651.6564 170.45311593 −13.21902717 4.6 2.5 1.198 0.57
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(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2014 May 10 56787.2714 170.45303497 −13.21901997 3.4 3.0 1.194 0.57
2014 Dec 3 56994.6556 170.45298859 −13.21903715 6.1 5.7 1.259 0.58
2015 Jan 21 57043.5794 170.45297058 −13.21904092 6.0 5.7 1.196 0.68
2015 May 4 57146.3111 170.45290377 −13.21903555 4.4 2.8 1.206 0.51
2015 Dec 24 57380.6417 170.45284960 −13.21905205 2.3 2.8 1.195 0.53
DENIS J1228−1557AB (Nep = 13,∆t = 2.37 yr)
2008 Feb 18 54514.5363 187.06388239 −15.79320340 3.6 2.9 1.231 0.80
2008 Apr 21 54577.3497 187.06387599 −15.79321020 1.7 3.5 1.241 0.57
2008 May 19 54605.2730 187.06387490 −15.79321134 3.8 4.7 1.241 0.66
2009 Jan 20 54851.6162 187.06392184 −15.79325372 3.8 4.0 1.231 0.83
2009 Apr 15 54936.3617 187.06391610 −15.79326158 3.1 3.1 1.247 0.75
2009 Jun 6 54988.2498 187.06391202 −15.79326309 4.4 3.9 1.232 0.64
2010 Mar 24 55279.4276 187.06395723 −15.79330972 1.7 4.1 1.241 1.02
2010 Apr 5 55291.3812 187.06395553 −15.79331365 2.2 3.7 1.261 0.80
2010 Apr 21 55307.3435 187.06395448 −15.79331332 1.7 1.7 1.251 0.60
2010 May 5 55321.3208 187.06395309 −15.79331209 1.8 2.7 1.235 0.57
2010 May 22 55338.2739 187.06395360 −15.79331390 3.5 5.9 1.235 0.61
2010 Jun 26 55373.2500 187.06395113 −15.79331667 4.2 4.5 1.335 0.82
2010 Jul 4 55381.2459 187.06395478 −15.79331704 2.4 3.1 1.415 0.63
Kelu-1AB (Nep = 12,∆t = 2.26 yr)
2008 Feb 18 54514.5646 196.41672713 −25.68481497 3.1 2.2 1.428 0.87
2008 Apr 22 54578.3755 196.41669962 −25.68480986 7.4 6.8 1.438 0.70
2008 May 19 54605.3169 196.41668424 −25.68480981 4.6 4.6 1.428 0.70
2009 Jan 20 54851.6352 196.41664490 −25.68481781 3.3 5.2 1.431 0.81
2009 Apr 6 54927.4596 196.41661417 −25.68481526 3.0 6.5 1.446 0.92
2009 Apr 7 54928.4233 196.41661299 −25.68481578 2.4 4.4 1.432 0.96
2009 Jun 2 54984.2875 196.41658911 −25.68481053 4.6 6.0 1.430 0.99
2010 Mar 24 55279.4542 196.41652862 −25.68481729 1.7 4.6 1.440 0.90
2010 Apr 5 55291.4235 196.41652025 −25.68481479 2.2 5.3 1.438 0.76
2010 Apr 21 55307.3845 196.41651449 −25.68481218 3.2 3.2 1.433 0.72
2010 May 5 55321.3412 196.41650781 −25.68481368 2.5 5.4 1.438 0.69
2010 May 22 55338.2950 196.41650001 −25.68481168 4.4 6.3 1.438 0.75
2MASS J1404−3159AB (Nep = 24,∆t = 7.30 yr)
2008 Feb 18 54514.6004 211.20710270 −31.99247602 3.4 7.9 1.621 1.06
2008 Feb 19 54515.6050 211.20710291 −31.99247591 1.7 2.1 1.619 0.63
2008 Apr 19 54575.4435 211.20711049 −31.99247925 2.5 3.3 1.619 0.58
2008 May 16 54602.3622 211.20711579 −31.99247542 1.9 2.4 1.620 0.58
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(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2008 Jun 19 54636.2805 211.20711935 −31.99247560 3.0 3.6 1.620 0.63
2009 Jan 20 54851.6783 211.20721132 −31.99247962 5.1 10.8 1.621 1.13
2009 Apr 6 54927.4981 211.20722583 −31.99248221 1.8 4.0 1.637 0.86
2009 Jun 2 54984.3272 211.20723050 −31.99247792 2.8 3.2 1.620 0.69
2010 Apr 2 55288.4775 211.20733781 −31.99248293 5.0 9.4 1.625 0.54
2010 Apr 21 55307.4108 211.20733703 −31.99248156 2.7 3.8 1.649 0.65
2010 May 22 55338.3406 211.20733871 −31.99247986 3.0 5.6 1.625 0.67
2010 Jun 26 55373.2860 211.20734641 −31.99247636 6.0 12.2 1.654 0.74
2011 Jan 15 55576.6365 211.20743288 −31.99248450 3.4 3.6 1.804 0.63
2012 Mar 1 55987.5736 211.20755182 −31.99249311 3.1 6.0 1.619 0.77
2012 Mar 2 55988.5834 211.20755266 −31.99249209 3.2 3.1 1.624 0.67
2012 Apr 6 56023.4835 211.20755733 −31.99249163 1.6 6.0 1.621 0.78
2013 Mar 21 56372.5107 211.20766589 −31.99249753 2.6 5.9 1.624 0.76
2013 Apr 30 56412.4084 211.20767082 −31.99249252 3.2 6.0 1.620 0.56
2014 Mar 17 56733.5450 211.20777526 −31.99249900 6.2 8.9 1.626 0.95
2015 Jan 22 57044.6432 211.20787264 −31.99250217 3.7 3.4 1.681 0.47
2015 Jan 29 57051.6716 211.20787666 −31.99250492 2.5 4.7 1.624 0.73
2015 Feb 12 57065.6447 211.20787867 −31.99250555 2.1 4.4 1.638 1.04
2015 May 5 57147.4345 211.20788885 −31.99250223 2.8 7.1 1.671 0.68
2015 Jun 6 57179.3359 211.20789305 −31.99250336 3.5 4.5 1.643 0.53
SDSS J1534+1615AB (Nep = 16,∆t = 8.49 yr)
2008 Feb 19 54515.6528 233.57107853 +16.26319385 2.8 2.1 1.006 0.63
2008 Apr 20 54576.5006 233.57107129 +16.26319499 2.3 2.4 1.002 0.69
2008 May 15 54601.4253 233.57106629 +16.26319508 2.1 4.4 1.003 0.56
2008 Jun 18 54635.3336 233.57106031 +16.26319450 2.5 3.1 1.003 0.60
2008 Jul 10 54657.2993 233.57105768 +16.26319333 5.5 2.3 1.009 0.55
2009 Mar 12 54902.6052 233.57105428 +16.26318288 1.7 1.9 1.002 0.61
2009 Apr 6 54927.5435 233.57105081 +16.26318376 1.5 1.5 1.002 0.79
2009 Jun 2 54984.3892 233.57103968 +16.26318442 2.0 2.1 1.002 0.46
2009 Aug 1 55044.2753 233.57103141 +16.26318081 2.4 2.4 1.060 0.94
2009 Aug 9 55052.2576 233.57103092 +16.26318099 2.8 2.9 1.069 1.20
2010 Apr 21 55307.4890 233.57102514 +16.26317503 1.9 2.4 1.004 0.62
2010 May 22 55338.4421 233.57101915 +16.26317365 2.0 2.6 1.016 0.55
2010 Jun 27 55374.3395 233.57101317 +16.26317319 2.5 2.5 1.012 0.51
2010 Aug 15 55423.2408 233.57100640 +16.26316884 2.7 1.4 1.066 0.46
2016 May 24 57532.4359 233.57088482 +16.26311212 1.8 2.0 1.016 0.54
2016 Aug 18 57618.2335 233.57087361 +16.26310676 1.8 2.4 1.072 0.52
2MASS J1534−2952AB (Nep = 19,∆t = 8.26 yr)
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(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2008 Feb 19 54515.6620 233.70806967 −29.87472545 1.8 3.5 1.548 0.58
2008 Feb 24 54520.6436 233.70807014 −29.87472850 2.8 6.0 1.551 0.60
2008 Apr 19 54575.5055 233.70806543 −29.87473855 3.1 5.7 1.547 0.60
2008 Apr 27 54583.4879 233.70806423 −29.87474252 5.0 4.9 1.548 0.76
2008 May 15 54601.4346 233.70805825 −29.87474356 3.4 4.0 1.547 0.60
2008 May 26 54612.3866 233.70805502 −29.87474148 5.8 6.2 1.557 0.60
2008 Jun 18 54635.3456 233.70805075 −29.87474679 4.6 9.8 1.548 0.70
2008 Jun 24 54641.3256 233.70804914 −29.87474715 3.6 6.4 1.547 0.61
2008 Jul 10 54657.2903 233.70804709 −29.87474679 4.3 4.6 1.551 0.75
2008 Jul 17 54664.2511 233.70804694 −29.87474793 3.9 9.2 1.550 0.59
2009 Apr 6 54927.5565 233.70809689 −29.87480987 1.3 4.2 1.557 0.80
2009 Jun 3 54985.3607 233.70808183 −29.87481871 3.8 5.0 1.564 0.60
2009 Aug 4 55047.2341 233.70807712 −29.87482126 5.7 6.8 1.565 0.88
2010 Mar 25 55280.5874 233.70812939 −29.87487714 1.7 4.6 1.554 0.81
2010 Apr 21 55307.4981 233.70812491 −29.87488120 2.0 2.9 1.547 0.60
2010 May 25 55341.3951 233.70811708 −29.87488902 4.5 6.7 1.552 0.84
2010 Jun 29 55376.3111 233.70810858 −29.87489187 2.7 2.6 1.547 0.44
2016 Apr 27 57505.5178 233.70830566 −29.87531397 6.7 7.0 1.598 0.46
2016 May 24 57532.4439 233.70829858 −29.87532008 3.3 4.1 1.598 0.52
2MASS J1728+3948AB (Nep = 22,∆t = 9.11 yr)
2007 Aug 2 54314.2851 262.04823420 +39.81649657 2.8 2.4 1.067 0.81
2008 Apr 20 54576.5891 262.04826236 +39.81649271 1.6 2.2 1.066 0.53
2008 May 15 54601.5019 262.04825826 +39.81649489 1.9 3.1 1.065 0.48
2008 Jun 18 54635.4153 262.04825446 +39.81649491 2.0 2.4 1.064 0.55
2008 Jul 10 54657.3542 262.04825014 +39.81649376 1.8 2.4 1.064 0.58
2008 Aug 10 54688.2645 262.04824445 +39.81648899 1.2 1.2 1.065 0.58
2009 Apr 7 54928.5898 262.04827722 +39.81648551 1.8 2.7 1.075 0.79
2009 Jun 2 54984.4598 262.04826943 +39.81648942 2.0 2.1 1.064 0.54
2009 Jul 30 55042.2988 262.04826082 +39.81648723 3.2 2.5 1.065 0.93
2009 Aug 9 55052.2945 262.04825833 +39.81648438 2.0 1.5 1.069 0.88
2009 Aug 26 55069.2643 262.04825542 +39.81648319 1.6 1.4 1.083 0.53
2010 Mar 25 55280.6480 262.04829011 +39.81647786 1.0 1.8 1.064 0.94
2010 Apr 21 55307.5419 262.04828878 +39.81648167 0.9 1.4 1.086 0.56
2010 May 22 55338.4954 262.04828466 +39.81648345 1.7 2.1 1.064 0.62
2010 Jun 27 55374.4265 262.04827659 +39.81648364 1.3 1.6 1.080 0.56
2011 Aug 11 55784.2845 262.04828439 +39.81647652 3.2 4.9 1.066 0.60
2011 Aug 14 55787.2570 262.04828345 +39.81647524 1.5 1.4 1.065 0.52
2011 Sep 17 55821.2210 262.04828376 +39.81646863 4.0 3.0 1.104 0.75
2011 Sep 26 55830.2057 262.04828449 +39.81646835 2.2 2.0 1.122 0.74
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2015 May 2 57144.5494 262.04835286 +39.81645643 2.8 2.1 1.064 0.55
2016 Aug 17 57617.2794 262.04835140 +39.81644861 2.7 2.1 1.074 0.58
2016 Sep 10 57641.2403 262.04834974 +39.81644336 2.3 1.8 1.108 0.55
LSPM J1735+2634AB (Nep = 21,∆t = 8.39 yr)
2008 Apr 20 54576.5976 263.80451966 +26.57929126 2.0 4.2 1.010 0.57
2008 May 15 54601.5103 263.80451878 +26.57928880 4.6 3.9 1.008 0.38
2008 Jun 18 54635.4388 263.80451228 +26.57928409 3.1 2.8 1.011 0.54
2008 Jul 10 54657.3627 263.80450674 +26.57927820 2.3 2.8 1.007 0.55
2008 Aug 10 54688.2761 263.80450228 +26.57926518 2.5 1.6 1.007 0.53
2009 Jul 29 55041.3018 263.80455016 +26.57917970 3.5 2.9 1.009 0.68
2009 Aug 9 55052.3071 263.80454846 +26.57917676 2.2 2.5 1.018 0.99
2009 Aug 26 55069.2764 263.80454625 +26.57916932 3.2 2.6 1.036 0.79
2010 Mar 24 55279.6567 263.80461245 +26.57911366 2.4 3.8 1.007 0.80
2010 May 22 55338.5226 263.80460872 +26.57911181 2.0 2.1 1.017 0.51
2010 Jun 27 55374.3966 263.80460073 +26.57910351 1.8 2.5 1.007 0.59
2011 Mar 23 55643.6416 263.80465530 +26.57902712 4.3 2.9 1.015 0.61
2011 May 15 55696.5405 263.80465485 +26.57902471 2.2 2.6 1.015 0.63
2011 Jul 18 55760.3676 263.80464409 +26.57900872 2.5 3.2 1.017 0.54
2015 May 1 57143.5964 263.80484196 +26.57868228 2.5 4.8 1.035 0.65
2015 Aug 21 57255.2744 263.80482604 +26.57865434 3.7 4.8 1.017 0.67
2016 Apr 23 57501.5913 263.80489153 +26.57859854 6.4 3.1 1.011 0.67
2016 May 22 57530.5285 263.80488484 +26.57859688 2.7 3.0 1.024 0.53
2016 Aug 17 57617.3141 263.80487087 +26.57856918 3.2 2.6 1.060 0.56
2016 Sep 10 57641.2567 263.80487234 +26.57855840 2.1 3.1 1.078 0.59
2016 Sep 11 57642.2614 263.80487310 +26.57855718 2.9 3.9 1.096 0.53
2MASS J1750+4424AB (Nep = 16,∆t = 2.18 yr)
2008 Apr 20 54576.6042 267.55384786 +44.40206069 2.6 3.3 1.101 0.55
2008 May 15 54601.5269 267.55384414 +44.40206597 2.4 2.4 1.100 0.48
2008 Jun 18 54635.4451 267.55383793 +44.40207047 2.5 5.7 1.102 0.50
2008 Jul 10 54657.3691 267.55383308 +44.40207311 2.0 3.4 1.100 0.57
2008 Aug 10 54688.2848 267.55382601 +44.40207377 2.4 2.3 1.100 0.58
2008 Sep 7 54716.2148 267.55382541 +44.40207652 4.6 8.4 1.100 0.59
2008 Sep 8 54717.2140 267.55382401 +44.40207239 2.6 3.6 1.100 0.58
2009 Apr 6 54927.6437 267.55384453 +44.40209646 1.9 5.4 1.101 0.82
2009 Jun 2 54984.4771 267.55383486 +44.40210746 2.3 2.7 1.100 0.44
2009 Jul 29 55041.3102 267.55382330 +44.40211281 3.1 3.8 1.102 0.71
2009 Aug 9 55052.3172 267.55381795 +44.40211504 3.3 3.7 1.110 0.93
2009 Aug 26 55069.2875 267.55381831 +44.40211241 3.0 2.8 1.128 0.64
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2010 Mar 26 55281.6385 267.55383748 +44.40213471 1.8 3.0 1.110 0.87
2010 Apr 21 55307.5742 267.55383525 +44.40213976 1.9 2.6 1.105 0.57
2010 May 22 55338.5119 267.55382910 +44.40214675 2.3 2.8 1.100 0.57
2010 Jun 27 55374.3808 267.55382362 +44.40214988 2.6 3.2 1.114 0.57
2MASS J1847+5522AB (Nep = 16,∆t = 8.55 yr)
2008 Apr 21 54577.6145 281.76519366 +55.37875534 3.1 4.5 1.234 0.59
2008 May 15 54601.5517 281.76519152 +55.37875751 3.8 3.7 1.232 0.49
2008 Jun 18 54635.4626 281.76519502 +55.37875687 4.0 8.5 1.231 0.58
2008 Jul 11 54658.4055 281.76519389 +55.37875730 2.3 3.0 1.229 0.63
2008 Aug 10 54688.3202 281.76519039 +55.37875244 1.9 4.6 1.230 0.55
2008 Sep 6 54715.2754 281.76519229 +55.37874925 1.6 3.8 1.236 0.46
2009 Jun 2 54984.5202 281.76525752 +55.37873871 2.7 5.2 1.229 0.48
2009 Jul 29 55041.3493 281.76525409 +55.37873690 3.8 5.0 1.232 0.75
2009 Aug 8 55051.3467 281.76525677 +55.37873525 4.0 3.8 1.232 0.78
2009 Aug 26 55069.3142 281.76525139 +55.37873317 2.5 3.2 1.243 0.51
2010 Apr 21 55307.6245 281.76531529 +55.37872022 1.1 2.8 1.230 0.58
2010 May 22 55338.5316 281.76531828 +55.37872168 2.3 4.6 1.233 0.56
2010 Jun 26 55373.4712 281.76531425 +55.37872255 2.3 3.8 1.235 0.54
2016 Aug 17 57617.3294 281.76568542 +55.37861471 3.3 5.6 1.236 0.54
2016 Sep 9 57640.2604 281.76568528 +55.37861123 1.9 4.3 1.233 0.51
2016 Nov 9 57701.1807 281.76570012 +55.37860174 4.1 2.7 1.411 0.58
SDSS J2052−1609AB (Nep = 24,∆t = 9.28 yr)
2007 Aug 2 54314.4465 313.14758622 −16.15794590 3.0 3.2 1.237 0.70
2007 Aug 4 54316.4394 313.14758653 −16.15794597 2.5 3.0 1.236 0.97
2007 Sep 20 54363.3060 313.14759510 −16.15794273 1.7 2.2 1.235 0.53
2007 Oct 22 54395.2026 313.14760151 −16.15793877 2.4 2.9 1.242 0.58
2007 Nov 23 54427.1818 313.14761317 −16.15793588 3.9 6.0 1.311 1.05
2007 Nov 25 54429.1793 313.14761089 −16.15793609 9.9 4.8 1.320 0.93
2007 Nov 26 54430.1811 313.14761301 −16.15793395 4.2 3.3 1.336 0.82
2008 Jun 18 54635.5576 313.14769390 −16.15790736 2.6 2.5 1.235 0.71
2008 Jul 10 54657.4942 313.14769754 −16.15790517 1.8 2.0 1.236 0.63
2008 Aug 9 54687.4163 313.14770227 −16.15790368 1.8 1.4 1.235 0.50
2008 Sep 6 54715.3248 313.14770774 −16.15790175 1.3 1.5 1.243 0.52
2008 Oct 13 54752.2585 313.14771580 −16.15789825 1.6 2.2 1.244 0.46
2008 Nov 8 54778.1850 313.14772482 −16.15789455 2.8 2.9 1.242 0.77
2008 Nov 9 54779.1849 313.14772378 −16.15789597 2.3 4.1 1.244 0.65
2009 Jun 3 54985.5936 313.14780584 −16.15786541 1.6 2.2 1.237 0.81
2009 Jul 29 55041.4436 313.14781657 −16.15786216 2.1 2.1 1.236 0.95
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2009 Aug 8 55051.4317 313.14781831 −16.15786048 1.5 1.9 1.238 0.54
2009 Aug 25 55068.3588 313.14782180 −16.15785952 2.3 2.1 1.242 0.74
2009 Oct 21 55125.2279 313.14783352 −16.15785427 1.8 2.2 1.237 0.80
2015 May 6 57148.6363 313.14849453 −16.15761070 2.3 7.3 1.288 0.61
2015 May 7 57149.6342 313.14849444 −16.15760828 1.9 5.1 1.286 0.71
2016 Aug 19 57619.3816 313.14863111 −16.15755745 1.5 1.8 1.237 0.55
2016 Sep 9 57640.3571 313.14863610 −16.15755652 2.2 3.6 1.250 0.49
2016 Nov 10 57702.2126 313.14865105 −16.15754985 3.3 2.5 1.302 0.54
2MASS J2132+1341AB (Nep = 30,∆t = 9.28 yr)
2007 Aug 2 54314.4976 323.04801180 +13.69944204 2.8 2.9 1.024 0.51
2007 Aug 29 54341.4002 323.04800794 +13.69943942 3.8 4.4 1.007 0.38
2007 Sep 20 54363.3166 323.04800591 +13.69943337 4.0 3.6 1.010 0.45
2007 Oct 20 54393.2584 323.04800256 +13.69942937 3.2 2.0 1.007 0.49
2008 Jun 18 54635.5683 323.04802493 +13.69941046 2.4 3.0 1.012 0.69
2008 Jun 24 54641.5704 323.04802391 +13.69940985 2.0 3.0 1.006 0.50
2008 Jul 10 54657.5302 323.04802231 +13.69940959 2.0 2.7 1.006 0.53
2008 Jul 17 54664.5167 323.04802130 +13.69940902 2.2 1.8 1.007 0.57
2008 Aug 9 54687.4433 323.04801843 +13.69940646 1.9 1.5 1.006 0.50
2008 Aug 17 54695.4193 323.04801672 +13.69940444 2.1 2.4 1.006 0.53
2008 Sep 6 54715.3703 323.04801356 +13.69940101 2.3 2.6 1.006 0.47
2008 Sep 17 54726.3592 323.04801475 +13.69939932 3.1 2.4 1.013 0.47
2008 Oct 8 54747.2859 323.04801092 +13.69939588 1.5 1.5 1.006 0.71
2008 Oct 13 54752.2720 323.04800965 +13.69939424 2.2 2.0 1.006 0.46
2008 Nov 7 54777.1968 323.04800922 +13.69938957 2.8 2.7 1.006 0.47
2009 Jun 3 54985.6059 323.04803133 +13.69937846 2.4 2.6 1.016 0.75
2009 Jul 30 55042.4869 323.04802716 +13.69937359 2.5 2.8 1.009 0.86
2009 Aug 1 55044.4753 323.04802619 +13.69937269 1.9 2.0 1.007 0.88
2009 Aug 8 55051.4444 323.04802595 +13.69937269 1.5 1.8 1.006 0.67
2009 Aug 25 55068.3781 323.04802293 +13.69936999 2.2 2.2 1.017 0.75
2009 Oct 21 55125.2612 323.04801852 +13.69935981 1.5 1.9 1.010 0.73
2009 Nov 6 55141.1970 323.04801745 +13.69935747 1.9 2.0 1.006 0.67
2010 May 22 55338.5980 323.04803926 +13.69934453 1.4 2.3 1.087 0.59
2010 Jul 4 55381.5472 323.04803688 +13.69934237 1.8 1.9 1.006 0.62
2015 May 31 57173.6160 323.04806164 +13.69918282 3.1 3.2 1.015 0.48
2015 Aug 21 57255.4555 323.04805190 +13.69917464 2.4 2.8 1.037 0.81
2015 Oct 24 57319.2980 323.04804467 +13.69916215 3.1 2.9 1.071 0.51
2016 Aug 18 57618.3932 323.04805652 +13.69913915 3.5 3.9 1.020 0.42
2016 Sep 9 57640.3813 323.04805352 +13.69913616 2.5 4.4 1.013 0.46
2016 Nov 10 57702.2311 323.04804799 +13.69912297 4.3 3.1 1.035 0.44
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2MASS J2140+1625AB (Nep = 22,∆t = 8.40 yr)
2008 Jun 18 54635.5750 325.12210743 +16.42161618 4.0 5.1 1.008 0.71
2008 Jun 23 54640.5897 325.12210755 +16.42161832 3.5 5.5 1.004 0.46
2008 Jul 10 54657.5372 325.12210362 +16.42161728 3.5 4.4 1.002 0.55
2008 Jul 17 54664.5239 325.12210287 +16.42161540 3.1 3.5 1.004 0.59
2008 Aug 9 54687.4526 325.12210034 +16.42161421 1.4 2.0 1.002 0.49
2008 Sep 6 54715.3792 325.12209366 +16.42161054 2.4 3.1 1.002 0.53
2008 Oct 8 54747.2955 325.12208834 +16.42160635 2.2 2.9 1.003 0.58
2008 Nov 7 54777.2063 325.12208486 +16.42160215 3.8 3.6 1.002 0.49
2009 Jun 3 54985.6148 325.12208963 +16.42159389 2.1 3.1 1.009 0.77
2009 Jul 30 55042.4979 325.12208133 +16.42159293 3.6 2.8 1.008 0.74
2009 Aug 8 55051.4537 325.12207929 +16.42159247 2.5 2.9 1.002 0.55
2009 Aug 25 55068.3885 325.12207736 +16.42159020 3.5 3.1 1.009 0.67
2009 Oct 21 55125.2705 325.12206793 +16.42158259 1.7 2.1 1.008 0.68
2010 May 22 55338.6071 325.12207070 +16.42157341 2.1 3.4 1.072 0.59
2010 Jun 26 55373.5596 325.12206657 +16.42157355 2.3 2.5 1.005 0.77
2015 Jun 3 57176.6259 325.12196899 +16.42146838 3.7 4.7 1.004 0.57
2015 Aug 21 57255.4849 325.12195602 +16.42146209 2.8 2.6 1.081 0.85
2015 Oct 22 57317.2852 325.12194486 +16.42145476 4.2 4.0 1.023 0.67
2016 May 24 57532.6130 325.12194865 +16.42144636 3.0 2.9 1.045 0.63
2016 Aug 18 57618.3993 325.12193392 +16.42144156 3.6 3.7 1.015 0.44
2016 Sep 10 57641.3221 325.12193003 +16.42143981 3.2 4.8 1.034 0.48
2016 Nov 10 57702.2524 325.12192392 +16.42143000 5.8 5.7 1.059 0.42
2MASS J2206−2047AB (Nep = 27,∆t = 8.40 yr)
2008 Jun 18 54635.6078 331.59519991 −20.78468446 3.5 5.7 1.317 0.62
2008 Jun 23 54640.5980 331.59520105 −20.78468143 3.7 7.8 1.316 0.55
2008 Jul 11 54658.5582 331.59519793 −20.78468472 4.4 3.6 1.319 0.73
2008 Jul 17 54664.5306 331.59519835 −20.78468556 4.4 5.2 1.316 0.67
2008 Aug 9 54687.4611 331.59519384 −20.78468693 2.4 2.4 1.318 0.51
2008 Aug 17 54695.4532 331.59519236 −20.78468795 3.0 3.0 1.317 0.56
2008 Sep 6 54715.3879 331.59518962 −20.78468963 2.1 3.1 1.317 0.54
2008 Sep 17 54726.3686 331.59518895 −20.78468938 4.0 4.2 1.317 0.51
2008 Oct 8 54747.3037 331.59518665 −20.78469210 2.3 3.4 1.316 0.61
2008 Oct 13 54752.3000 331.59518489 −20.78469172 3.6 4.3 1.318 0.51
2008 Nov 7 54777.2149 331.59518217 −20.78469131 4.2 3.4 1.318 0.52
2009 Jul 29 55041.4812 331.59520174 −20.78469407 2.9 3.7 1.327 0.63
2009 Aug 1 55044.4873 331.59520143 −20.78469548 3.1 3.6 1.317 0.97
2009 Aug 9 55052.4981 331.59519932 −20.78469622 5.4 5.0 1.341 0.70
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Observation Date R.A. Dec. σR.A. cos δ σDec. Airmass Seeing
(UT) (MJD) (deg) (deg) (mas) (mas) (arcsec)
2009 Aug 25 55068.4151 331.59519698 −20.78469690 4.2 3.6 1.320 0.66
2009 Oct 24 55128.2559 331.59518971 −20.78470009 2.2 2.2 1.317 0.57
2009 Nov 6 55141.2310 331.59519104 −20.78470310 6.8 4.9 1.317 0.74
2010 Jun 26 55373.6075 331.59520905 −20.78470214 3.4 3.8 1.325 0.56
2010 Jul 4 55381.5571 331.59520864 −20.78470131 2.4 5.5 1.320 0.65
2010 Aug 14 55422.4636 331.59520571 −20.78470557 4.2 3.9 1.317 0.63
2010 Sep 15 55454.3667 331.59519770 −20.78470666 2.8 4.2 1.316 0.54
2010 Oct 22 55491.2569 331.59519678 −20.78470781 4.1 3.8 1.320 0.73
2016 May 22 57530.6280 331.59524434 −20.78475207 3.2 3.3 1.420 0.63
2016 May 24 57532.6200 331.59524382 −20.78475094 4.1 4.4 1.430 0.67
2016 Aug 20 57620.4664 331.59523581 −20.78475808 3.6 4.7 1.338 0.59
2016 Sep 10 57641.3373 331.59523355 −20.78475693 2.8 7.0 1.378 0.63
2016 Nov 11 57703.1871 331.59522695 −20.78476002 5.0 4.7 1.335 0.53
DENIS J2252−1730AB (Nep = 21,∆t = 9.29 yr)
2007 Aug 6 54318.5115 343.04574077 −17.50322778 3.6 4.9 1.257 0.40
2007 Aug 28 54340.4462 343.04574211 −17.50322770 2.4 2.9 1.257 0.66
2007 Sep 21 54364.4128 343.04574325 −17.50322727 3.3 3.8 1.278 1.26
2007 Sep 23 54366.3844 343.04574383 −17.50322511 3.5 3.3 1.257 0.52
2007 Oct 20 54393.3123 343.04574738 −17.50322509 5.1 5.7 1.258 0.61
2008 Jul 11 54658.5908 343.04585579 −17.50318624 2.1 3.1 1.260 0.67
2008 Jul 17 54664.5553 343.04585604 −17.50318713 3.7 5.8 1.259 0.67
2008 Aug 9 54687.4932 343.04585738 −17.50318582 2.5 2.0 1.258 0.57
2008 Aug 17 54695.4702 343.04585731 −17.50318599 3.6 2.9 1.259 0.53
2008 Sep 6 54715.4193 343.04585923 −17.50318808 2.0 3.0 1.257 0.49
2008 Sep 17 54726.3850 343.04585860 −17.50318656 3.8 2.3 1.259 0.52
2008 Oct 8 54747.3318 343.04586083 −17.50318619 2.1 3.2 1.257 0.58
2008 Nov 7 54777.2506 343.04586526 −17.50318569 3.4 3.4 1.257 0.55
2008 Nov 15 54785.2516 343.04586884 −17.50318397 4.9 4.0 1.266 0.72
2009 Jul 29 55041.5142 343.04597515 −17.50314849 4.4 5.7 1.265 0.82
2009 Aug 1 55044.5274 343.04597408 −17.50314746 4.0 3.7 1.257 0.97
2009 Aug 9 55052.5306 343.04597747 −17.50314634 3.9 3.7 1.281 0.52
2009 Oct 23 55127.3108 343.04597976 −17.50314745 4.2 4.0 1.262 0.70
2016 Sep 9 57640.4566 343.04680205 −17.50286927 3.0 3.9 1.303 0.52
2016 Nov 11 57703.2546 343.04681021 −17.50286503 5.0 6.3 1.259 0.49
2016 Nov 21 57713.2838 343.04681161 −17.50286463 4.3 7.6 1.393 0.46
–
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Table 5. MCMC Posteriors for the Orbit and Parallax of LP 349-25AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 7.698± 0.014 7.701 7.671, 7.727 1/P (log-flat)
Semimajor axis a (mas) 145.99+0.17−0.18 145.98 145.65, 146.33 1/a (log-flat)
Eccentricity e 0.0468+0.0019−0.0018 0.0470 0.0431, 0.0505 uniform, 0 ≤ e < 1
Inclination i (◦) 117.36+0.11−0.10 117.36 117.16, 117.57 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 36.64± 0.10 36.62 36.43, 36.84 uniform
Argument of periastron ω (◦) 262.2± 1.8 262.2 258.6, 266.0 uniform
Mean longitude at 2455197.5 JD λref (
◦) 294.44+0.23−0.22 294.40 293.98, 294.89 uniform
RA− RA2010 (mas) −0.1+1.2−1.3 0.0 −2.6, 2.4 uniform, RA2010 = 6.9846505
Dec− Dec2010 (mas) 0.0± 0.9 0.0 −1.8, 1.8 uniform, Dec2010 = +22.3253882
Relative proper motion in RA µRA,rel (mas yr
−1) 406.4± 0.4 406.4 405.7, 407.1 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −167.1± 0.5 −166.8 −168.0, −166.2 uniform
Relative parallax pirel (mas) 68.0± 0.9 68.1 66.3, 69.8 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.056+0.007−0.008 0.057 0.041, 0.071 uniform
Derived properties
Total mass at fixed distance a3P−2(d/14.45pc)3 (MJup) 165.8± 0.7 165.7 164.5, 167.1 · · ·
Time of periastron T0 (JD) 2457758
+15
−14 2457758 2457729, 2457787 · · ·
Photocenter semimajor axis α (mas) 8.2+1.1−1.2 8.3 6.0, 10.4 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) 1.5± 1.6 1.5 −1.8, 4.7 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −3.4± 1.2 −3.4 −5.8, −1.0 · · ·
Correction to absolute parallax ∆pi (mas) 1.21+0.14−0.17 1.21 0.92, 1.55 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 407.9± 1.7 407.9 404.5, 411.2 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −170.4± 1.3 −170.2 −173.0, −167.8 · · ·
Absolute parallax piabs (mas) 69.2± 0.9 69.3 67.5, 71.0 · · ·
Distance d (pc) 14.45+0.18−0.19 14.42 14.08, 14.82 · · ·
Semimajor axis a (AU) 2.109± 0.027 2.105 2.054, 2.163 · · ·
Total mass Mtot (MJup) 166
+6
−7 165 154, 179 · · ·
–
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Table 6. MCMC Posteriors for the Orbit and Parallax of LP 415-20AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 14.82± 0.24 14.81 14.34, 15.29 1/P (log-flat)
Semimajor axis a (mas) 96.5+1.1−1.4 96.7 94.2, 99.4 1/a (log-flat)
Eccentricity e 0.706+0.011−0.012 0.707 0.684, 0.731 uniform, 0 ≤ e < 1
Inclination i (◦) 62.4± 1.6 62.4 59.2, 65.7 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 82.1+1.1−0.9 82.3 79.9, 84.0 uniform
Argument of periastron ω (◦) 168± 4 168 160, 176 uniform
Mean longitude at 2455197.5 JD λref (
◦) 283.6+1.5−1.6 283.3 280.6, 286.8 uniform
RA− RA2010 (mas) −0.1± 0.8 0.0 −1.7, 1.6 uniform, RA2010 = 65.4571148
Dec− Dec2010 (mas) 0.0± 0.8 0.0 −1.6, 1.5 uniform, Dec2010 = +19.4857641
Relative proper motion in RA µRA,rel (mas yr
−1) 124.32± 0.30 124.49 123.70, 124.91 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −35.7+0.4−0.3 −35.8 −36.4, −35.0 uniform
Relative parallax pirel (mas) 24.8
+0.7
−0.8 24.4 23.3, 26.3 1/pi
2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.00± 0.03 0.02 −0.07, 0.07 uniform
Derived properties
Total mass at fixed distance a3P−2(d/38.6pc)3 (MJup) 247+16−18 249 217, 285 · · ·
Time of periastron T0 (JD) 2458880
+130
−140 2458870 2458620, 2459140 · · ·
Photocenter semimajor axis α (mas) 0± 3 2 −7, 7 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) 1.7± 0.7 1.7 0.5, 3.1 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −2.5± 0.7 −2.5 −4.0, −1.1 · · ·
Correction to absolute parallax ∆pi (mas) 1.11+0.11−0.12 1.11 0.89, 1.36 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 126.1± 0.7 126.2 124.6, 127.6 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −38.2± 0.8 −38.3 −39.9, −36.6 · · ·
Absolute parallax piabs (mas) 25.9
+0.7
−0.8 25.5 24.4, 27.4 · · ·
Distance d (pc) 38.6± 1.1 39.1 36.4, 40.9 · · ·
Semimajor axis a (AU) 3.73± 0.12 3.78 3.50, 3.98 · · ·
Total mass Mtot (MJup) 248
+26
−29 259 198, 309 · · ·
–
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Table 7. MCMC Posteriors for the Orbit and Parallax of SDSS J0423−0414AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 12.30± 0.06 12.30 12.18, 12.41 1/P (log-flat)
Semimajor axis a (mas) 162.9± 0.5 162.6 161.9, 163.9 1/a (log-flat)
Eccentricity e 0.272+0.008−0.007 0.270 0.258, 0.287 uniform, 0 ≤ e < 1
Inclination i (◦) 65.4± 0.3 65.2 64.7, 66.0 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 34.35+0.22−0.23 34.33 33.89, 34.78 uniform
Argument of periastron ω (◦) 97.4± 0.3 97.5 96.7, 98.1 uniform
Mean longitude at 2455197.5 JD λref (
◦) 154.7± 0.3 154.8 154.0, 155.3 uniform
RA− RA2010 (mas) 0.2+1.0−0.9 0.0 −1.7, 2.1 uniform, RA2010 = 65.9515754
Dec− Dec2010 (mas) 0.2+0.7−0.8 0.0 −1.2, 1.6 uniform, Dec2010 = −4.2338632
Relative proper motion in RA µRA,rel (mas yr
−1) −324.28± 0.18 −324.29 −324.65, −323.91 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) 89.85± 0.25 89.90 89.34, 90.35 uniform
Relative parallax pirel (mas) 69.8± 0.8 70.0 68.2, 71.5 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a −0.023+0.007−0.006 −0.023 −0.036, −0.010 uniform
Derived properties
Total mass at fixed distance a3P−2(d/14.07pc)3 (MJup) 83.3± 0.9 82.8 81.6, 85.2 · · ·
Time of periastron T0 (JD) 2458975± 20 2458977 2458936, 2459015 · · ·
Photocenter semimajor axis α (mas) −3.8+1.1−1.0 −3.7 −5.9, −1.7 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) 2.6± 1.0 2.6 0.7, 4.7 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −1.8± 1.2 −1.8 −4.0, 0.6 · · ·
Correction to absolute parallax ∆pi (mas) 1.25+0.15−0.17 1.25 0.95, 1.59 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −321.6± 1.0 −321.7 −323.6, −319.5 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) 88.1± 1.2 88.1 85.7, 90.4 · · ·
Absolute parallax piabs (mas) 71.1± 0.8 71.2 69.4, 72.7 · · ·
Distance d (pc) 14.07+0.16−0.17 14.04 13.74, 14.39 · · ·
Semimajor axis a (AU) 2.291+0.027−0.028 2.282 2.237, 2.347 · · ·
Total mass Mtot (MJup) 83± 3 82 77, 90 · · ·
–
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Table 8. MCMC Posteriors for the Orbit and Parallax of 2MASS J0700+3157AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 23.9± 0.5 23.9 22.7, 25.1 1/P (log-flat)
Semimajor axis a (mas) 377+5−6 377 364, 389 1/a (log-flat)
Eccentricity e 0.017+0.005−0.007 0.013 0.007, 0.040 uniform, 0 ≤ e < 1
Inclination i (◦) 88.143+0.025−0.024 88.140 88.094, 88.193 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 102.666+0.022−0.021 102.666 102.623, 102.708 uniform
Argument of periastron ω (◦) 70+60−40 80 0, 140 uniform
Mean longitude at 2455197.5 JD λref (
◦) 136.6± 0.7 136.7 135.0, 138.2 uniform
RA− RA2010 (mas) 0.2+0.9−0.8 0.0 −1.5, 1.8 uniform, RA2010 = 105.1534668
Dec− Dec2010 (mas) 0.3± 0.8 0.0 −1.3, 1.8 uniform, Dec2010 = +31.9558506
Relative proper motion in RA µRA,rel (mas yr
−1) 123.1± 0.4 123.2 122.3, 123.9 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −550.4± 0.4 −550.3 −551.2, −549.7 uniform
Relative parallax pirel (mas) 87.5± 0.9 87.9 85.7, 89.3 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.310± 0.011 0.308 0.288, 0.332 uniform
Derived properties
Total mass at fixed distance a3P−2(d/11.29pc)3 (MJup) 141.4± 0.6 141.3 140.2, 142.5 · · ·
Time of periastron T0 (JD) 2462500
+1100
−1700 2462600 2460400, 2464600 · · ·
Photocenter semimajor axis α (mas) 117± 5 116 108, 126 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −0.4± 0.5 −0.4 −1.4, 0.6 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −3.1± 0.7 −3.1 −4.6, −1.8 · · ·
Correction to absolute parallax ∆pi (mas) 1.07+0.10−0.12 1.07 0.87, 1.31 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 122.7± 0.7 122.8 121.4, 124.1 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −553.6± 0.8 −553.4 −555.2, −552.0 · · ·
Absolute parallax piabs (mas) 88.6± 0.9 89.0 86.7, 90.4 · · ·
Distance d (pc) 11.29± 0.12 11.24 11.06, 11.53 · · ·
Semimajor axis a (AU) 4.25± 0.08 4.24 4.09, 4.42 · · ·
Total mass Mtot (MJup) 141
+4
−5 139 133, 150 · · ·
–
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Table 9. MCMC Posteriors for the Orbit and Parallax of LHS 1901AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 16.21± 0.08 16.19 16.05, 16.37 1/P (log-flat)
Semimajor axis a (mas) 287.7+0.7−0.8 287.4 286.2, 289.2 1/a (log-flat)
Eccentricity e 0.8304± 0.0009 0.8302 0.8287, 0.8322 uniform, 0 ≤ e < 1
Inclination i (◦) 71.97± 0.05 71.98 71.86, 72.07 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 2.27± 0.05 2.28 2.17, 2.37 uniform
Argument of periastron ω (◦) 44.49+0.14−0.15 44.44 44.19, 44.78 uniform
Mean longitude at 2455197.5 JD λref (
◦) 70.88± 0.08 70.87 70.72, 71.04 uniform
RA− RA2010 (mas) 0.2+1.6−1.5 0.0 −3.1, 3.3 uniform, RA2010 = 107.7991482
Dec− Dec2010 (mas) −0.3± 1.3 0.0 −2.9, 2.3 uniform, Dec2010 = +43.4981455
Relative proper motion in RA µRA,rel (mas yr
−1) 356.5+1.1−1.2 356.3 354.3, 358.8 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −562± 3 −563 −568, −556 uniform
Relative parallax pirel (mas) 75.2± 1.1 75.2 73.0, 77.5 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a −0.009+0.030−0.027 0.002 −0.065, 0.047 uniform
Derived properties
Total mass at fixed distance a3P−2(d/13.08pc)3 (MJup) 212.6± 0.7 212.6 211.2, 214.0 · · ·
Time of periastron T0 (JD) 2460684
+30
−29 2460676 2460626, 2460742 · · ·
Photocenter semimajor axis α (mas) −3± 8 1 −19, 14 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −0.3± 0.5 −0.3 −1.4, 0.7 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −3.8± 0.7 −3.8 −5.3, −2.3 · · ·
Correction to absolute parallax ∆pi (mas) 1.21± 0.11 1.21 1.01, 1.45 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 356.2± 1.2 356.0 353.7, 358.6 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −566± 3 −567 −572, −559 · · ·
Absolute parallax piabs (mas) 76.4± 1.1 76.5 74.2, 78.7 · · ·
Distance d (pc) 13.08+0.20−0.19 13.08 12.70, 13.48 · · ·
Semimajor axis a (AU) 3.76± 0.06 3.76 3.65, 3.88 · · ·
Total mass Mtot (MJup) 213
+9
−10 212 194, 232 · · ·
–
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Table 10. MCMC Posteriors for the Orbit and Parallax of 2MASS J0746+2000AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 12.736+0.031−0.029 12.749 12.674, 12.796 1/P (log-flat)
Semimajor axis a (mas) 237.18± 0.11 237.16 236.96, 237.40 1/a (log-flat)
Eccentricity e 0.4854± 0.0003 0.4856 0.4848, 0.4861 uniform, 0 ≤ e < 1
Inclination i (◦) 138.56+0.20−0.21 138.68 138.15, 138.96 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 29.77+0.30−0.28 29.79 29.19, 30.35 uniform
Argument of periastron ω (◦) 355.6± 0.6 355.8 354.5, 356.8 uniform
Mean longitude at 2455197.5 JD λref (
◦) 198.70± 0.22 198.58 198.25, 199.14 uniform
RA− RA2010 (mas) 0.1± 0.8 0.0 −1.4, 1.6 uniform, RA2010 = 116.6762086
Dec− Dec2010 (mas) 0.1± 0.8 0.0 −1.4, 1.7 uniform, Dec2010 = +20.0089253
Relative proper motion in RA µRA,rel (mas yr
−1) −363.78± 0.29 −363.82 −364.36, −363.20 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −51.1± 0.4 −51.1 −51.9, −50.4 uniform
Relative parallax pirel (mas) 79.9± 0.8 80.0 78.4, 81.5 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.069± 0.007 0.070 0.055, 0.083 uniform
Derived properties
Total mass at fixed distance a3P−2(d/12.35pc)3 (MJup) 162.5± 0.9 162.1 160.6, 164.4 · · ·
Time of periastron T0 (JD) 2461877
+24
−22 2461887 2461830, 2461923 · · ·
Photocenter semimajor axis α (mas) 16.4+1.5−1.7 16.5 13.2, 19.6 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −1.4± 0.8 −1.4 −3.0, 0.0 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −1.9± 0.9 −1.9 −3.7, −0.4 · · ·
Correction to absolute parallax ∆pi (mas) 1.02+0.10−0.12 1.02 0.82, 1.29 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −365.1± 0.8 −365.2 −366.8, −363.6 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −53.1± 0.9 −53.0 −54.9, −51.2 · · ·
Absolute parallax piabs (mas) 80.9± 0.8 81.0 79.4, 82.6 · · ·
Distance d (pc) 12.35+0.12−0.13 12.34 12.11, 12.60 · · ·
Semimajor axis a (AU) 2.930+0.030−0.028 2.927 2.871, 2.987 · · ·
Total mass Mtot (MJup) 163± 5 162 153, 173 · · ·
–
220
–
Table 11. MCMC Posteriors for the Orbit and Parallax of 2MASS J0850+1057AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 48+7−6 45 34, 94 1/P (log-flat)
Semimajor axis a (mas) 156+8−9 152 140, 212 1/a (log-flat)
Eccentricity e 0.06+0.05−0.06 0.02 0.00, 0.38 uniform, 0 ≤ e < 1
Inclination i (◦) 64.9+1.5−1.4 65.7 60.7, 67.9 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 113.3+1.6−1.7 112.9 110.0, 119.0 uniform
Argument of periastron ω (◦) 70+150−40 270 −60, 270 uniform
Mean longitude at 2455197.5 JD λref (
◦) 80± 5 80 63, 90 uniform
RA− RA2010 (mas) 0.0+0.7−0.6 0.3 −1.3, 1.3 uniform, RA2010 = 132.6493640
Dec− Dec2010 (mas) 0.1± 0.6 0.1 −1.1, 1.3 uniform, Dec2010 = +10.9543778
Relative proper motion in RA µRA,rel (mas yr
−1) −144.9± 2.2 −145.1 −149.3, −140.4 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −14.0± 1.1 −13.9 −16.2, −11.8 uniform
Relative parallax pirel (mas) 30.6± 0.6 30.7 29.3, 31.8 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.04± 0.12 0.05 −0.21, 0.29 uniform
Derived properties
Total mass at fixed distance a3P−2(d/31.8pc)3 (MJup) 54+6−8 59 32, 67 · · ·
Time of periastron T0 (JD) 2476000
+4000
−5000 2480000 2469000, 2489000 · · ·
Photocenter semimajor axis α (mas) 6± 20 8 −34, 50 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −2.2± 0.8 −2.8 −3.8, −0.7 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −1.3± 0.8 −1.2 −2.9, 0.2 · · ·
Correction to absolute parallax ∆pi (mas) 0.82+0.07−0.08 0.84 0.68, 0.99 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −147.1± 2.3 −147.9 −151.9, −142.5 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −15.4± 1.3 −15.2 −18.1, −12.8 · · ·
Absolute parallax piabs (mas) 31.4
+0.7
−0.6 31.5 30.1, 32.7 · · ·
Distance d (pc) 31.8± 0.6 31.7 30.6, 33.2 · · ·
Semimajor axis a (AU) 4.98+0.25−0.33 4.83 4.42, 6.78 · · ·
Total mass Mtot (MJup) 54± 8 58 32, 69 · · ·
–
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Table 12. MCMC Posteriors for the Orbit and Parallax of 2MASS J0920+3517AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 7.258± 0.009 7.257 7.239, 7.277 1/P (log-flat)
Semimajor axis a (mas) 68.15± 0.23 68.12 67.68, 68.62 1/a (log-flat)
Eccentricity e 0.180+0.006−0.007 0.181 0.167, 0.193 uniform, 0 ≤ e < 1
Inclination i (◦) 87.15± 0.17 87.18 86.81, 87.49 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 66.73± 0.12 66.76 66.49, 66.97 uniform
Argument of periastron ω (◦) 317.5+1.4−1.5 317.4 314.7, 320.6 uniform
Mean longitude at 2455197.5 JD λref (
◦) 305.14+0.18−0.19 305.11 304.76, 305.51 uniform
RA− RA2010 (mas) 0.4± 1.0 0.0 −1.7, 2.4 uniform, RA2010 = 140.0504412
Dec− Dec2010 (mas) 0.1± 0.5 0.0 −0.9, 1.2 uniform, Dec2010 = +35.2947397
Relative proper motion in RA µRA,rel (mas yr
−1) −183.88± 0.15 −183.91 −184.19, −183.58 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −198.16± 0.16 −198.19 −198.49, −197.83 uniform
Relative parallax pirel (mas) 31.0± 0.6 30.9 29.7, 32.2 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.183+0.010−0.011 0.184 0.162, 0.204 uniform
Derived properties
Total mass at fixed distance a3P−2(d/30.9pc)3 (MJup) 186.7± 2.1 186.4 182.4, 190.9 · · ·
Time of periastron T0 (JD) 2457940
+11
−10 2457938 2457919, 2457962 · · ·
Photocenter semimajor axis α (mas) 12.4± 0.7 12.6 11.0, 13.9 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −2.5± 1.0 −2.5 −4.6, −0.4 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −4.2± 1.0 −4.2 −6.4, −2.2 · · ·
Correction to absolute parallax ∆pi (mas) 1.33+0.12−0.13 1.33 1.09, 1.60 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −186.3± 1.1 −186.4 −188.5, −184.3 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −202.4± 1.1 −202.4 −204.6, −200.3 · · ·
Absolute parallax piabs (mas) 32.3± 0.6 32.3 31.1, 33.6 · · ·
Distance d (pc) 30.9± 0.6 31.0 29.7, 32.1 · · ·
Semimajor axis a (AU) 2.11± 0.04 2.11 2.03, 2.19 · · ·
Total mass Mtot (MJup) 187± 11 187 165, 209 · · ·
–
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Table 13. MCMC Posteriors for the Orbit and Parallax of SDSS J0926+5847AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 12.9+1.3−1.9 11.1 10.4, 18.2 1/P (log-flat)
Semimajor axis a (mas) 78+6−8 80 68, 105 1/a (log-flat)
Eccentricity e 0.35+0.22−0.16 0.48 0.00, 0.58 uniform, 0 ≤ e < 1
Inclination i (◦) 91.7+0.6−0.8 91.3 90.5, 93.2 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 133.6+0.6−0.5 133.4 132.4, 134.6 uniform
Argument of periastron ω (◦) 275+11−17 277 210, 410 uniform
Mean longitude at 2455197.5 JD λref (
◦) 165+8−9 166 148, 182 uniform
RA− RA2010 (mas) −0.5+2.5−2.7 −1.8 −5.8, 4.6 uniform, RA2010 = 141.5643537
Dec− Dec2010 (mas) 0.0± 0.8 −0.1 −1.5, 1.6 uniform, Dec2010 = +58.7887839
Relative proper motion in RA µRA,rel (mas yr
−1) 11.8± 1.0 12.1 9.9, 13.8 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −216.2± 0.8 −216.1 −217.8, −214.6 uniform
Relative parallax pirel (mas) 42.2± 1.0 41.7 40.2, 44.2 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a −0.07+0.08−0.07 −0.10 −0.23, 0.08 uniform
Derived properties
Total mass at fixed distance a3P−2(d/23.0pc)3 (MJup) 38+9−18 53 18, 70 · · ·
Time of periastron T0 (JD) 2461300
+700
−800 2460500 2458900, 2463600 · · ·
Photocenter semimajor axis α (mas) −6+7−6 −8 −20, 7 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −1.1± 0.8 −1.4 −2.8, 0.4 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −3.8± 0.8 −4.9 −5.5, −2.1 · · ·
Correction to absolute parallax ∆pi (mas) 1.20± 0.10 1.32 1.00, 1.41 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 10.7± 1.3 10.8 8.2, 13.2 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −220.0± 1.2 −221.1 −222.4, −217.7 · · ·
Absolute parallax piabs (mas) 43.4± 1.0 43.0 41.3, 45.4 · · ·
Distance d (pc) 23.0+0.5−0.6 23.3 22.0, 24.1 · · ·
Semimajor axis a (AU) 1.80+0.14−0.21 1.87 1.54, 2.42 · · ·
Total mass Mtot (MJup) 38
+10
−18 55 17, 71 · · ·
–
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Table 14. MCMC Posteriors for the Orbit and Parallax of 2MASS J1017+1308AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 18.60+0.22−0.23 18.62 18.16, 19.07 1/P (log-flat)
Semimajor axis a (mas) 120.0+1.1−1.2 120.0 117.7, 122.3 1/a (log-flat)
Eccentricity e 0.158± 0.010 0.158 0.139, 0.178 uniform, 0 ≤ e < 1
Inclination i (◦) 35.4+1.0−0.9 35.4 33.5, 37.2 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 72.7+1.8−2.0 72.3 69.0, 76.7 uniform
Argument of periastron ω (◦) 5± 5 7 −5, 16 uniform
Mean longitude at 2455197.5 JD λref (
◦) 184.9+1.4−1.3 185.2 182.1, 187.6 uniform
RA− RA2010 (mas) 0.3± 1.6 0.0 −2.9, 3.4 uniform, RA2010 = 154.2818189
Dec− Dec2010 (mas) 0.1+0.7−0.8 0.0 −1.4, 1.6 uniform, Dec2010 = +13.1441293
Relative proper motion in RA µRA,rel (mas yr
−1) 47.9+0.3−0.4 48.1 47.3, 48.7 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −116.0+0.5−0.6 −115.7 −117.1, −114.9 uniform
Relative parallax pirel (mas) 30.9± 1.1 30.8 28.6, 33.0 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.026± 0.022 0.038 −0.017, 0.070 uniform
Derived properties
Total mass at fixed distance a3P−2(d/31.0pc)3 (MJup) 155.9± 2.1 155.5 151.6, 160.1 · · ·
Time of periastron T0 (JD) 2458650
+90
−150 2458620 2458470, 2465190 · · ·
Photocenter semimajor axis α (mas) 3.2+2.7−2.6 4.5 −2.1, 8.4 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −4.7± 1.9 −4.7 −8.6, −0.9 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −3.3± 1.7 −3.3 −6.6, 0.2 · · ·
Correction to absolute parallax ∆pi (mas) 1.38+0.18−0.21 1.38 1.02, 1.81 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 43.2± 1.9 43.4 39.2, 47.0 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −119.3± 1.8 −119.0 −123.0, −115.9 · · ·
Absolute parallax piabs (mas) 32.3± 1.1 32.2 30.0, 34.5 · · ·
Distance d (pc) 31.0+1.0−1.1 31.1 28.9, 33.2 · · ·
Semimajor axis a (AU) 3.72± 0.13 3.73 3.47, 4.00 · · ·
Total mass Mtot (MJup) 156
+14
−18 157 126, 191 · · ·
–
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Table 15. MCMC Posteriors for the Orbit and Parallax of SDSS J1021−0304AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 86+13−17 75 60, 119 1/P (log-flat)
Semimajor axis a (mas) 241+19−28 224 201, 294 1/a (log-flat)
Eccentricity e 0.38± 0.07 0.31 0.24, 0.51 uniform, 0 ≤ e < 1
Inclination i (◦) 165+6−7 161 154, 177 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 260+100−90 260 60, 400 uniform
Argument of periastron ω (◦) 110+70−120 70 −40, 300 uniform
Mean longitude at 2455197.5 JD λref (
◦) 100+70−120 70 −40, 290 uniform
RA− RA2010 (mas) −0.3± 1.3 0.0 −3.0, 2.4 uniform, RA2010 = 155.2901072
Dec− Dec2010 (mas) 0.4± 1.0 0.0 −1.6, 2.3 uniform, Dec2010 = −3.0720382
Relative proper motion in RA µRA,rel (mas yr
−1) −182± 8 −183 −198, −167 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −69.8± 1.8 −69.6 −73.3, −66.1 uniform
Relative parallax pirel (mas) 32.5± 1.2 32.8 30.1, 35.1 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a −0.9± 0.3 −0.9 −1.5, −0.2 uniform
Derived properties
Total mass at fixed distance a3P−2(d/29.7pc)3 (MJup) 52+3−4 56 47, 60 · · ·
Time of periastron T0 (JD) 2487000
+4000
−6000 2482000 2478000, 2499000 · · ·
Photocenter semimajor axis α (mas) −210± 80 −200 −380, −50 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −4.9± 1.0 −4.9 −7.1, −3.0 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −1.5± 0.9 −1.5 −3.3, 0.2 · · ·
Correction to absolute parallax ∆pi (mas) 1.15+0.10−0.11 1.15 0.95, 1.37 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −187± 8 −188 −204, −171 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −71.3± 2.0 −71.1 −75.3, −67.3 · · ·
Absolute parallax piabs (mas) 33.7
+1.2
−1.3 33.9 31.2, 36.1 · · ·
Distance d (pc) 29.7± 1.1 29.5 27.6, 32.0 · · ·
Semimajor axis a (AU) 7.2+0.7−0.8 6.6 5.8, 8.8 · · ·
Total mass Mtot (MJup) 52
+6
−7 54 40, 68 · · ·
–
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Table 16. MCMC Posteriors for the Orbit and Parallax of 2MASS J1047+4026AB (a.k.a. LP 213-68)
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 6.562+0.029−0.026 6.557 6.508, 6.619 1/P (log-flat)
Semimajor axis a (mas) 75.98+0.21−0.22 75.94 75.55, 76.41 1/a (log-flat)
Eccentricity e 0.7485± 0.0013 0.7479 0.7458, 0.7511 uniform, 0 ≤ e < 1
Inclination i (◦) 30.0± 0.5 29.9 29.0, 30.9 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 85.5+1.1−1.0 85.6 83.4, 87.5 uniform
Argument of periastron ω (◦) 63.5± 1.0 63.4 61.6, 65.6 uniform
Mean longitude at 2455197.5 JD λref (
◦) 329.6± 1.2 329.5 327.2, 332.2 uniform
RA− RA2010 (mas) −0.2± 1.7 0.0 −3.7, 3.1 uniform, RA2010 = 161.8064070
Dec− Dec2010 (mas) −0.3± 1.0 0.0 −2.2, 1.7 uniform, Dec2010 = +40.4472059
Relative proper motion in RA µRA,rel (mas yr
−1) −293.54± 0.24 −293.55 −294.02, −293.05 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −31.19± 0.25 −31.18 −31.68, −30.69 uniform
Relative parallax pirel (mas) 37.6± 0.8 37.6 36.0, 39.1 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.019+0.016−0.015 0.014 −0.011, 0.049 uniform
Derived properties
Total mass at fixed distance a3P−2(d/25.5pc)3 (MJup) 177.5± 1.0 177.5 175.5, 179.5 · · ·
Time of periastron T0 (JD) 2455822.5
+0.5
−0.4 2455822.5 2455821.8, 2455823.2 · · ·
Photocenter semimajor axis α (mas) 1.4+1.2−1.1 1.1 −0.9, 3.7 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −3.7± 2.8 −3.7 −9.7, 1.4 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −4.3± 2.4 −4.3 −9.4, 0.3 · · ·
Correction to absolute parallax ∆pi (mas) 1.60+0.26−0.29 1.60 1.09, 2.21 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −297.2± 2.8 −297.2 −303.3, −292.1 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −35.5± 2.4 −35.5 −40.6, −30.9 · · ·
Absolute parallax piabs (mas) 39.2± 0.8 39.2 37.5, 40.8 · · ·
Distance d (pc) 25.5± 0.5 25.5 24.5, 26.6 · · ·
Semimajor axis a (AU) 1.94± 0.04 1.94 1.86, 2.02 · · ·
Total mass Mtot (MJup) 178
+11
−12 177 156, 201 · · ·
–
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Table 17. MCMC Posteriors for the Orbit and Parallax of SDSS J1052+4422AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 8.608+0.025−0.024 8.603 8.559, 8.656 1/P (log-flat)
Semimajor axis a (mas) 70.67± 0.24 70.61 70.19, 71.15 1/a (log-flat)
Eccentricity e 0.1399+0.0022−0.0023 0.1410 0.1354, 0.1445 uniform, 0 ≤ e < 1
Inclination i (◦) 62.1± 0.3 62.1 61.5, 62.7 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 126.8± 0.3 126.8 126.2, 127.5 uniform
Argument of periastron ω (◦) 187.3± 1.6 186.8 184.0, 190.6 uniform
Mean longitude at 2455197.5 JD λref (
◦) 113.4± 0.4 113.6 112.5, 114.2 uniform
RA− RA2010 (mas) −0.4+1.3−1.1 0.0 −2.8, 2.0 uniform, RA2010 = 163.0566530
Dec− Dec2010 (mas) 0.3± 0.6 0.0 −0.8, 1.5 uniform, Dec2010 = +44.3821517
Relative proper motion in RA µRA,rel (mas yr
−1) 24.06± 0.18 24.02 23.70, 24.41 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −133.33± 0.19 −133.22 −133.71, −132.96 uniform
Relative parallax pirel (mas) 36.8± 0.6 37.0 35.6, 38.0 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a −0.165± 0.008 −0.162 −0.181, −0.150 uniform
Derived properties
Total mass at fixed distance a3P−2(d/26.2pc)3 (MJup) 90.3± 1.0 90.1 88.3, 92.3 · · ·
Time of periastron T0 (JD) 2458987± 14 2458980 2458960, 2459016 · · ·
Photocenter semimajor axis α (mas) −11.7+0.6−0.5 −11.5 −12.8, −10.6 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −3.0± 1.4 −3.0 −5.9, −0.5 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −4.2± 1.2 −4.2 −6.7, −1.9 · · ·
Correction to absolute parallax ∆pi (mas) 1.33+0.13−0.16 1.33 1.05, 1.64 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 21.1± 1.4 21.0 18.2, 23.7 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −137.5± 1.2 −137.4 −140.0, −135.2 · · ·
Absolute parallax piabs (mas) 38.1± 0.6 38.3 36.8, 39.3 · · ·
Distance d (pc) 26.2± 0.4 26.1 25.4, 27.1 · · ·
Semimajor axis a (AU) 1.86± 0.03 1.84 1.79, 1.92 · · ·
Total mass Mtot (MJup) 90
+4
−5 89 81, 100 · · ·
–
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Table 18. MCMC Posteriors for the Orbit and Parallax of Gl 417BC
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 15.65± 0.08 15.65 15.49, 15.81 1/P (log-flat)
Semimajor axis a (mas) 130.0± 0.4 130.0 129.2, 130.9 1/a (log-flat)
Eccentricity e 0.105± 0.003 0.106 0.099, 0.112 uniform, 0 ≤ e < 1
Inclination i (◦) 102.9± 0.5 102.9 101.9, 103.9 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 101.01± 0.22 101.06 100.56, 101.45 uniform
Argument of periastron ω (◦) 348+4−5 348 339, 356 uniform
Mean longitude at 2455197.5 JD λref (
◦) 255.6± 0.6 255.7 254.4, 256.9 uniform
Derived properties
Total mass at fixed distance a3P−2(d/21.93pc)3 (MJup) 99.2± 1.3 99.2 96.7, 101.9 · · ·
Time of periastron T0 (JD) 2462370± 50 2462370 2462270, 2462470 · · ·
Absolute parallax piabs (mas) 45.61± 0.44 46.02 44.73, 46.49 · · ·
Distance d (pc) 21.93± 0.21 21.73 21.51, 22.35 · · ·
Semimajor axis a (AU) 2.851± 0.029 2.825 2.795, 2.911 · · ·
Total mass Mtot (MJup) 99.2
+3.0
−3.3 96.5 93.0, 105.6 · · ·
–
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Table 19. MCMC Posteriors for the Orbit and Parallax of LHS 2397aAB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 14.37± 0.05 14.36 14.27, 14.46 1/P (log-flat)
Semimajor axis a (mas) 214.8± 0.8 214.6 213.2, 216.4 1/a (log-flat)
Eccentricity e 0.351± 0.003 0.353 0.345, 0.358 uniform, 0 ≤ e < 1
Inclination i (◦) 42.55+0.28−0.29 42.41 41.98, 43.13 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 74.7± 0.8 74.4 73.2, 76.2 uniform
Argument of periastron ω (◦) 221.2± 1.3 221.5 218.5, 223.8 uniform
Mean longitude at 2455197.5 JD λref (
◦) 314.0± 0.6 314.2 312.7, 315.2 uniform
RA− RA2010 (mas) −0.6± 1.6 0.0 −3.8, 2.7 uniform, RA2010 = 170.4536705
Dec− Dec2010 (mas) 0.7± 0.9 0.0 −1.1, 2.4 uniform, Dec2010 = −13.2189824
Relative proper motion in RA µRA,rel (mas yr
−1) −487.67+0.30−0.32 −487.76 −488.29, −487.06 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −57.8± 0.5 −57.7 −58.7, −56.8 uniform
Relative parallax pirel (mas) 66.9
+1.0
−1.1 67.3 64.7, 69.0 1/pi
2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.344± 0.009 0.344 0.326, 0.363 uniform
Derived properties
Total mass at fixed distance a3P−2(d/14.66pc)3 (MJup) 158.5+1.3−1.4 158.2 155.9, 161.2 · · ·
Time of periastron T0 (JD) 2459093
+23
−22 2459092 2459047, 2459137 · · ·
Photocenter semimajor axis α (mas) 74.0± 2.0 73.8 70.0, 77.9 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −6.2± 1.6 −6.2 −9.4, −3.2 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −1.1± 1.2 −1.1 −3.5, 1.4 · · ·
Correction to absolute parallax ∆pi (mas) 1.31+0.14−0.15 1.31 1.04, 1.64 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −493.9± 1.6 −494.0 −497.1, −490.8 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −58.8± 1.3 −58.7 −61.5, −56.3 · · ·
Absolute parallax piabs (mas) 68.2
+1.1
−1.0 68.6 66.1, 70.4 · · ·
Distance d (pc) 14.66± 0.23 14.58 14.21, 15.13 · · ·
Semimajor axis a (AU) 3.15± 0.05 3.13 3.05, 3.25 · · ·
Total mass Mtot (MJup) 159
+7
−8 156 144, 174 · · ·
–
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Table 20. MCMC Posteriors for the Orbit and Parallax of DENIS J1228−1557AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 50+5−7 47 40, 65 1/P (log-flat)
Semimajor axis a (mas) 303+8−11 297 288, 331 1/a (log-flat)
Eccentricity e 0.089+0.027−0.035 0.075 0.044, 0.197 uniform, 0 ≤ e < 1
Inclination i (◦) 142± 4 140 135, 150 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 60.0+2.5−2.0 60.4 54.4, 64.3 uniform
Argument of periastron ω (◦) 10+50−40 −30 −70, 60 uniform
Mean longitude at 2455197.5 JD λref (
◦) 105+6−5 107 93, 115 uniform
RA− RA2010 (mas) 0.5+2.3−2.1 0.0 −4.0, 4.9 uniform, RA2010 = 187.0639596
Dec− Dec2010 (mas) −0.5± 1.2 0.0 −2.9, 1.8 uniform, Dec2010 = −15.7933016
Relative proper motion in RA µRA,rel (mas yr
−1) 110+31−30 118 49, 170 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −209+27−26 −201 −262, −156 uniform
Relative parallax pirel (mas) 46.8± 1.7 46.4 43.5, 50.2 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.9± 1.1 0.6 −1.2, 3.1 uniform
Derived properties
Total mass at fixed distance a3P−2(d/20.9pc)3 (MJup) 106+13−16 115 78, 135 · · ·
Time of periastron T0 (JD) 2476000
+5000
−8000 2483000 2468000, 2485000 · · ·
Photocenter semimajor axis α (mas) 300± 300 200 −400, 900 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −5.7± 1.0 −5.7 −7.6, −3.8 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −1.4± 0.6 −1.4 −2.7, −0.2 · · ·
Correction to absolute parallax ∆pi (mas) 1.11± 0.09 1.11 0.93, 1.30 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 100± 30 110 40, 170 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −210± 27 −203 −263, −157 · · ·
Absolute parallax piabs (mas) 48.0
+1.8
−1.6 47.5 44.6, 51.3 · · ·
Distance d (pc) 20.9± 0.7 21.0 19.5, 22.4 · · ·
Semimajor axis a (AU) 6.36+0.29−0.35 6.26 5.78, 7.09 · · ·
Total mass Mtot (MJup) 106
+16
−19 118 72, 145 · · ·
–
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Table 21. MCMC Posteriors for the Orbit and Parallax of Kelu-1AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 24.98± 0.19 24.97 24.60, 25.36 1/P (log-flat)
Semimajor axis a (mas) 227.9+0.9−1.1 227.7 226.0, 230.0 1/a (log-flat)
Eccentricity e 0.709± 0.005 0.709 0.699, 0.719 uniform, 0 ≤ e < 1
Inclination i (◦) 82.35± 0.08 82.34 82.18, 82.51 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 44.78± 0.20 44.80 44.39, 45.20 uniform
Argument of periastron ω (◦) 3.7± 2.1 3.4 −0.5, 7.8 uniform
Mean longitude at 2455197.5 JD λref (
◦) 158.23± 0.13 158.23 157.96, 158.48 uniform
RA− RA2010 (mas) 0.4+2.5−2.4 0.0 −4.4, 5.3 uniform, RA2010 = 196.4165748
Dec− Dec2010 (mas) 0.3± 1.7 0.0 −3.1, 3.7 uniform, Dec2010 = −25.6847822
Relative proper motion in RA µRA,rel (mas yr
−1) −294± 8 −295 −311, −277 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −1± 5 −2 −11, 10 uniform
Relative parallax pirel (mas) 47.0± 2.2 46.8 42.6, 51.3 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a −0.7± 0.9 −0.6 −2.5, 1.0 uniform
Derived properties
Total mass at fixed distance a3P−2(d/20.8pc)3 (MJup) 180.1± 1.1 179.6 177.9, 182.4 · · ·
Time of periastron T0 (JD) 2460410
+80
−110 2460400 2460230, 2460650 · · ·
Photocenter semimajor axis α (mas) −160± 200 −130 −560, 240 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −6.0± 0.7 −6.0 −7.5, −4.5 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −1.5± 0.5 −1.5 −2.3, −0.5 · · ·
Correction to absolute parallax ∆pi (mas) 0.96+0.07−0.09 0.96 0.81, 1.12 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −300± 8 −301 −317, −283 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −2± 5 −3 −12, 9 · · ·
Absolute parallax piabs (mas) 48.0± 2.2 47.8 43.6, 52.3 · · ·
Distance d (pc) 20.8+0.9−1.0 20.9 19.0, 22.8 · · ·
Semimajor axis a (AU) 4.75+0.21−0.22 4.76 4.34, 5.21 · · ·
Total mass Mtot (MJup) 180
+22
−26 182 134, 233 · · ·
–
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Table 22. MCMC Posteriors for the Orbit and Parallax of 2MASS J1404−3159AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 16.52+0.21−0.22 16.51 16.10, 16.97 1/P (log-flat)
Semimajor axis a (mas) 133.7+1.5−2.3 135.9 131.0, 138.8 1/a (log-flat)
Eccentricity e 0.825± 0.005 0.825 0.814, 0.836 uniform, 0 ≤ e < 1
Inclination i (◦) 164+8−7 157 151, 177 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 207+176−13 208 23, 376 uniform
Argument of periastron ω (◦) 52+172−17 45 −60, 242 uniform
Mean longitude at 2455197.5 JD λref (
◦) 84+170−18 76 −44, 272 uniform
RA− RA2010 (mas) 0.3+1.4−1.5 0.0 −2.6, 3.2 uniform, RA2010 = 211.2073153
Dec− Dec2010 (mas) 1.0± 1.2 0.0 −1.4, 3.3 uniform, Dec2010 = −31.9924797
Relative proper motion in RA µRA,rel (mas yr
−1) 339.11+0.29−0.27 338.93 338.55, 339.66 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −20.3± 0.7 −19.8 −21.7, −18.9 uniform
Relative parallax pirel (mas) 41.8± 1.1 41.5 39.6, 44.0 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a −0.165± 0.016 −0.153 −0.197, −0.132 uniform
Derived properties
Total mass at fixed distance a3P−2(d/23.5pc)3 (MJup) 119+5−7 125 110, 135 · · ·
Time of periastron T0 (JD) 2460690
+80
−90 2460710 2460510, 2460870 · · ·
Photocenter semimajor axis α (mas) −22.1+2.1−2.0 −20.7 −26.2, −17.8 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −5.2± 0.4 −5.2 −6.1, −4.4 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −1.79± 0.25 −1.79 −2.31, −1.33 · · ·
Correction to absolute parallax ∆pi (mas) 0.75± 0.05 0.75 0.66, 0.84 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 333.9± 0.5 333.7 332.8, 334.9 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −22.1± 0.7 −21.6 −23.6, −20.6 · · ·
Absolute parallax piabs (mas) 42.5± 1.1 42.2 40.3, 44.7 · · ·
Distance d (pc) 23.5± 0.6 23.7 22.3, 24.8 · · ·
Semimajor axis a (AU) 3.15+0.09−0.11 3.22 2.96, 3.37 · · ·
Total mass Mtot (MJup) 120
+11
−13 128 98, 147 · · ·
–
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Table 23. MCMC Posteriors for the Orbit and Parallax of HD 130948BC
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 10.009± 0.010 10.008 9.990, 10.029 1/P (log-flat)
Semimajor axis a (mas) 122.52± 0.08 122.53 122.37, 122.68 1/a (log-flat)
Eccentricity e 0.1627± 0.0017 0.1622 0.1592, 0.1660 uniform, 0 ≤ e < 1
Inclination i (◦) 95.70± 0.05 95.71 95.60, 95.81 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 133.56± 0.03 133.56 133.50, 133.63 uniform
Argument of periastron ω (◦) 68.39± 0.24 68.35 67.93, 68.88 uniform
Mean longitude at 2455197.5 JD λref (
◦) 123.11± 0.06 123.11 122.99, 123.23 uniform
Derived properties
Total mass at fixed distance a3P−2(d/18.17pc)3 (MJup) 115.45+0.30−0.32 115.50 114.83, 116.05 · · ·
Time of periastron T0 (JD) 2458298± 5 2458297 2458287, 2458308 · · ·
Absolute parallax piabs (mas) 55.03± 0.34 54.64 54.35, 55.71 · · ·
Distance d (pc) 18.17± 0.11 18.30 17.95, 18.40 · · ·
Semimajor axis a (AU) 2.226+0.014−0.013 2.242 2.199, 2.254 · · ·
Total mass Mtot (MJup) 115.4
+2.2
−2.1 118.0 111.2, 119.8 · · ·
–
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Table 24. MCMC Posteriors for the Orbit and Parallax of Gl 569Bab
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 2.3707± 0.0005 2.3707 2.3696, 2.3718 1/P (log-flat)
Semimajor axis a (mas) 93.64± 0.14 93.62 93.35, 93.93 1/a (log-flat)
Eccentricity e 0.3186± 0.0010 0.3184 0.3166, 0.3207 uniform, 0 ≤ e < 1
Inclination i (◦) 32.70± 0.23 32.65 32.24, 33.15 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 142.5± 0.3 142.6 141.9, 143.2 uniform
Argument of periastron ω (◦) 81.19+0.28−0.29 81.18 80.63, 81.76 uniform
Mean longitude at 2455197.5 JD λref (
◦) 41.28± 0.30 41.24 40.69, 41.89 uniform
Derived properties
Total mass at fixed distance a3P−2(d/9.65pc)3 (MJup) 137.7± 0.6 137.6 136.5, 139.0 · · ·
Time of periastron T0 (JD) 2456159.2± 0.4 2456159.5 2456158.5, 2456160.2 · · ·
Absolute parallax piabs (mas) 103.6± 1.7 104.5 100.2, 107.0 · · ·
Distance d (pc) 9.65± 0.16 9.57 9.34, 9.98 · · ·
Semimajor axis a (AU) 0.904± 0.015 0.896 0.874, 0.935 · · ·
Total mass Mtot (MJup) 138± 7 134 124, 152 · · ·
–
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Table 25. MCMC Posteriors for the Orbit and Parallax of SDSS J1534+1615AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 58+39−24 48 30, 454 1/P (log-flat)
Semimajor axis a (mas) 150+60−40 130 100, 590 1/a (log-flat)
Eccentricity e 0.22+0.21−0.22 0.11 0.00, 0.80 uniform, 0 ≤ e < 1
Inclination i (◦) 36+15−10 28 13, 55 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 146+19−18 132 101, 189 uniform
Argument of periastron ω (◦) 168+13−42 128 −12, 234 uniform
Mean longitude at 2455197.5 JD λref (
◦) 175+8−14 183 135, 213 uniform
RA− RA2010 (mas) 0.4+0.8−0.9 0.5 −1.3, 2.2 uniform, RA2010 = 233.5710344
Dec− Dec2010 (mas) −0.6± 1.1 −0.6 −2.8, 1.5 uniform, Dec2010 = +16.2631701
Relative proper motion in RA µRA,rel (mas yr
−1) −76.4+1.3−1.4 −76.7 −79.2, −73.7 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −37.2+0.5−0.4 −37.2 −38.1, −36.3 uniform
Relative parallax pirel (mas) 26.6± 0.9 26.5 24.9, 28.4 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.07+0.10−0.09 0.06 −0.12, 0.26 uniform
Derived properties
Total mass at fixed distance a3P−2(d/36.2pc)3 (MJup) 45+4−5 44 37, 60 · · ·
Time of periastron T0 (JD) 2477000
+13000
−15000 2470000 2461000, 2621000 · · ·
Photocenter semimajor axis α (mas) 12+16−19 7 −33, 81 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −2.3± 0.7 −2.0 −3.6, −1.0 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −3.2± 0.8 −3.0 −4.9, −1.8 · · ·
Correction to absolute parallax ∆pi (mas) 0.99± 0.09 1.00 0.81, 1.18 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −78.8± 1.5 −78.7 −81.8, −75.7 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −40.4± 0.9 −40.2 −42.2, −38.6 · · ·
Absolute parallax piabs (mas) 27.6± 0.9 27.5 25.9, 29.4 · · ·
Distance d (pc) 36.2+1.1−1.2 36.3 34.0, 38.6 · · ·
Semimajor axis a (AU) 5.3+2.3−1.6 4.6 3.5, 21.6 · · ·
Total mass Mtot (MJup) 46
+6
−7 44 34, 63 · · ·
–
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Table 26. MCMC Posteriors for the Orbit and Parallax of 2MASS J1534−2952AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 20.35+0.05−0.06 20.38 20.26, 20.48 1/P (log-flat)
Semimajor axis a (mas) 214.07+0.27−0.23 213.92 213.54, 214.55 1/a (log-flat)
Eccentricity e 0.0027+0.0028−0.0027 0.0058 0.0000, 0.0139 uniform, 0 ≤ e < 1
Inclination i (◦) 85.56+0.08−0.07 85.55 85.40, 85.70 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 13.61± 0.05 13.61 13.51, 13.71 uniform
Argument of periastron ω (◦) 80± 40 80 −70, 260 uniform
Mean longitude at 2455197.5 JD λref (
◦) 92.06+0.15−0.14 91.97 91.73, 92.33 uniform
RA− RA2010 (mas) −0.2± 0.9 0.0 −1.9, 1.6 uniform, RA2010 = 233.7081207
Dec− Dec2010 (mas) −0.4+1.4−1.3 0.0 −3.2, 2.2 uniform, Dec2010 = −29.8748566
Relative proper motion in RA µRA,rel (mas yr
−1) 94.4± 0.6 94.6 93.2, 95.5 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −260.0± 1.5 −259.5 −262.9, −257.0 uniform
Relative parallax pirel (mas) 62.3± 1.1 62.5 60.0, 64.5 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.02± 0.04 0.02 −0.06, 0.10 uniform
Derived properties
Total mass at fixed distance a3P−2(d/15.88pc)3 (MJup) 99.5+0.8−0.6 99.0 97.7, 100.6 · · ·
Time of periastron T0 (JD) 2462500
+800
−900 2462400 2460900, 2467100 · · ·
Photocenter semimajor axis α (mas) 5+9−8 3 −12, 22 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −3.2± 0.4 −3.2 −3.9, −2.3 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −2.2± 0.3 −2.2 −2.8, −1.6 · · ·
Correction to absolute parallax ∆pi (mas) 0.70+0.05−0.06 0.70 0.59, 0.80 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 91.2± 0.7 91.4 89.8, 92.6 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −262.2± 1.5 −261.7 −265.2, −259.1 · · ·
Absolute parallax piabs (mas) 63.0± 1.1 63.2 60.7, 65.2 · · ·
Distance d (pc) 15.88+0.29−0.28 15.83 15.32, 16.46 · · ·
Semimajor axis a (AU) 3.40± 0.06 3.39 3.28, 3.52 · · ·
Total mass Mtot (MJup) 99± 5 98 89, 110 · · ·
–
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Table 27. MCMC Posteriors for the Orbit and Parallax of 2MASS J1728+3948AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 40.8+1.6−1.2 43.8 37.8, 47.9 1/P (log-flat)
Semimajor axis a (mas) 221+6−5 232 210, 247 1/a (log-flat)
Eccentricity e 0.015+0.013−0.015 0.055 0.000, 0.106 uniform, 0 ≤ e < 1
Inclination i (◦) 54.4± 0.6 55.4 53.2, 56.8 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 111.3± 0.6 110.6 109.7, 112.3 uniform
Argument of periastron ω (◦) 330+50−130 340 100, 420 uniform
Mean longitude at 2455197.5 JD λref (
◦) 356.93± 0.13 356.87 356.64, 357.21 uniform
RA− RA2010 (mas) 0.1± 0.6 0.0 −1.1, 1.3 uniform, RA2010 = 262.0482783
Dec− Dec2010 (mas) −0.1± 1.0 0.0 −2.1, 2.0 uniform, Dec2010 = +39.8164696
Relative proper motion in RA µRA,rel (mas yr
−1) 35.7± 0.5 35.8 34.7, 36.7 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −19.3± 0.4 −19.4 −20.2, −18.5 uniform
Relative parallax pirel (mas) 35.7± 0.6 35.8 34.4, 37.0 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.042+0.031−0.030 0.042 −0.019, 0.101 uniform
Derived properties
Total mass at fixed distance a3P−2(d/27.4pc)3 (MJup) 140.0+1.3−1.6 140.3 137.2, 143.4 · · ·
Time of periastron T0 (JD) 2466000± 5000 2471000 2455000, 2472000 · · ·
Photocenter semimajor axis α (mas) 9+6−7 10 −4, 23 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −0.9± 0.4 −0.9 −1.9, −0.1 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −2.6± 0.7 −2.6 −4.0, −1.3 · · ·
Correction to absolute parallax ∆pi (mas) 0.75+0.06−0.07 0.75 0.62, 0.90 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 34.8± 0.7 34.9 33.5, 36.1 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −22.0± 0.8 −22.0 −23.5, −20.3 · · ·
Absolute parallax piabs (mas) 36.4± 0.6 36.5 35.1, 37.7 · · ·
Distance d (pc) 27.4+0.4−0.5 27.4 26.5, 28.4 · · ·
Semimajor axis a (AU) 6.09+0.17−0.22 6.35 5.70, 6.81 · · ·
Total mass Mtot (MJup) 140
+7
−8 139 126, 156 · · ·
–
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Table 28. MCMC Posteriors for the Orbit and Parallax of LSPM J1735+2634AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 21.65+0.24−0.23 21.64 21.17, 22.13 1/P (log-flat)
Semimajor axis a (mas) 283.2+2.2−2.0 283.0 278.9, 287.5 1/a (log-flat)
Eccentricity e 0.497± 0.004 0.497 0.490, 0.505 uniform, 0 ≤ e < 1
Inclination i (◦) 53.89± 0.11 53.89 53.67, 54.11 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 179.08± 0.15 179.12 178.77, 179.39 uniform
Argument of periastron ω (◦) 118.3± 0.4 118.3 117.4, 119.1 uniform
Mean longitude at 2455197.5 JD λref (
◦) 128.69± 0.22 128.68 128.25, 129.14 uniform
RA− RA2010 (mas) 0.0± 0.8 0.0 −1.6, 1.5 uniform, RA2010 = 263.8045883
Dec− Dec2010 (mas) 0.0+1.3−1.4 0.0 −2.7, 2.7 uniform, Dec2010 = +26.5791198
Relative proper motion in RA µRA,rel (mas yr
−1) 151.9± 0.3 151.8 151.2, 152.6 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −311.59+0.21−0.20 −311.67 −312.00, −311.17 uniform
Relative parallax pirel (mas) 63.5± 0.8 63.7 61.9, 65.2 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.077+0.006−0.007 0.075 0.064, 0.090 uniform
Derived properties
Total mass at fixed distance a3P−2(d/15.45pc)3 (MJup) 187.2± 0.4 187.1 186.5, 188.0 · · ·
Time of periastron T0 (JD) 2462870± 90 2462870 2462690, 2463050 · · ·
Photocenter semimajor axis α (mas) 21.9+1.9−1.8 21.2 18.2, 25.6 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −1.0± 0.7 −1.0 −2.5, 0.2 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −3.6± 1.2 −3.6 −6.1, −1.3 · · ·
Correction to absolute parallax ∆pi (mas) 1.18+0.12−0.15 1.18 0.92, 1.46 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 150.9± 0.8 150.7 149.3, 152.3 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −315.2± 1.2 −315.3 −317.7, −312.8 · · ·
Absolute parallax piabs (mas) 64.7
+0.8
−0.9 64.9 63.1, 66.4 · · ·
Distance d (pc) 15.45+0.19−0.20 15.41 15.05, 15.84 · · ·
Semimajor axis a (AU) 4.37+0.07−0.06 4.36 4.25, 4.51 · · ·
Total mass Mtot (MJup) 187± 7 186 173, 202 · · ·
–
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Table 29. MCMC Posteriors for the Orbit and Parallax of 2MASS J1750+4424AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 210+40−60 170 140, 330 1/P (log-flat)
Semimajor axis a (mas) 660+100−150 580 470, 940 1/a (log-flat)
Eccentricity e 0.73+0.09−0.07 0.70 0.57, 0.85 uniform, 0 ≤ e < 1
Inclination i (◦) 52+3−4 53 46, 61 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 129+10−6 131 112, 142 uniform
Argument of periastron ω (◦) 194+18−26 185 159, 234 uniform
Mean longitude at 2455197.5 JD λref (
◦) 210+19−26 206 175, 252 uniform
RA− RA2010 (mas) −0.1± 1.2 −0.2 −2.5, 2.2 uniform, RA2010 = 267.5538299
Dec− Dec2010 (mas) −0.1+1.6−1.7 0.4 −3.5, 3.2 uniform, Dec2010 = +44.4021159
Relative proper motion in RA µRA,rel (mas yr
−1) −40± 60 −50 −160, 80 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) 154± 28 160 97, 212 uniform
Relative parallax pirel (mas) 31.2± 0.9 30.9 29.4, 33.0 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a −0.8± 2.0 −1.2 −5.0, 3.3 uniform
Derived properties
Total mass at fixed distance a3P−2(d/30.9pc)3 (MJup) 190+30−50 210 130, 330 · · ·
Time of periastron T0 (JD) 2530000
+15000
−22000 2514000 2502000, 2572000 · · ·
Photocenter semimajor axis α (mas) −500± 1400 −700 −3700, 2400 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −1.1± 0.6 −0.8 −2.2, 0.0 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −3.4± 1.0 −4.4 −5.4, −1.3 · · ·
Correction to absolute parallax ∆pi (mas) 1.14+0.10−0.11 1.11 0.94, 1.37 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −40± 60 −50 −160, 80 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) 151± 29 155 93, 208 · · ·
Absolute parallax piabs (mas) 32.4± 0.9 32.0 30.6, 34.2 · · ·
Distance d (pc) 30.9± 0.9 31.3 29.2, 32.7 · · ·
Semimajor axis a (AU) 20+3−4 18 14, 29 · · ·
Total mass Mtot (MJup) 190
+40
−50 220 130, 340 · · ·
–
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Table 30. MCMC Posteriors for the Orbit and Parallax of 2MASS J1847+5522AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 45+5−3 34 35, 51 1/P (log-flat)
Semimajor axis a (mas) 221+18−10 186 188, 239 1/a (log-flat)
Eccentricity e 0.09+0.05−0.09 0.31 0.00, 0.27 uniform, 0 ≤ e < 1
Inclination i (◦) 77.3+0.7−0.4 75.9 75.7, 78.1 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 126.3± 0.5 127.9 125.5, 127.6 uniform
Argument of periastron ω (◦) 170+31−29 158 92, 264 uniform
Mean longitude at 2455197.5 JD λref (
◦) 331.8+3.1−2.3 326.9 325.3, 335.8 uniform
RA− RA2010 (mas) 0.0+1.5−1.4 −0.5 −2.9, 2.7 uniform, RA2010 = 281.7652848
Dec− Dec2010 (mas) 0.4+1.5−1.6 −0.1 −2.7, 3.6 uniform, Dec2010 = +55.3787162
Relative proper motion in RA µRA,rel (mas yr
−1) 126.10+0.24−0.23 126.13 125.62, 126.57 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −62.1± 0.6 −62.2 −63.2, −61.0 uniform
Relative parallax pirel (mas) 26.5± 0.9 26.5 24.6, 28.2 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.05± 0.08 0.08 −0.12, 0.21 uniform
Derived properties
Total mass at fixed distance a3P−2(d/36.5pc)3 (MJup) 270+10−11 286 248, 293 · · ·
Time of periastron T0 (JD) 2463900
+1700
−2000 2461700 2461000, 2470000 · · ·
Photocenter semimajor axis α (mas) 10+18−19 15 −26, 46 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −0.8± 0.6 −0.8 −2.0, 0.3 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −2.3± 0.9 −2.5 −4.0, −0.5 · · ·
Correction to absolute parallax ∆pi (mas) 0.93+0.08−0.11 1.08 0.75, 1.13 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 125.3± 0.6 125.3 124.1, 126.5 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −64.4± 1.1 −64.7 −66.5, −62.3 · · ·
Absolute parallax piabs (mas) 27.4± 0.9 27.6 25.6, 29.2 · · ·
Distance d (pc) 36.5± 1.2 36.3 34.2, 39.0 · · ·
Semimajor axis a (AU) 8.0+0.7−0.6 6.7 6.7, 9.0 · · ·
Total mass Mtot (MJup) 270
+26
−31 280 216, 331 · · ·
–
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Table 31. MCMC Posteriors for the Orbit and Parallax of SDSS J2052−1609AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 44+10−14 37 27, 88 1/P (log-flat)
Semimajor axis a (mas) 169+15−20 158 146, 235 1/a (log-flat)
Eccentricity e 0.20+0.09−0.11 0.13 0.08, 0.50 uniform, 0 ≤ e < 1
Inclination i (◦) 42+7−5 45 29, 51 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 157± 3 157 149, 164 uniform
Argument of periastron ω (◦) 229+34−27 199 138, 268 uniform
Mean longitude at 2455197.5 JD λref (
◦) 261± 6 261 249, 274 uniform
RA− RA2010 (mas) −0.1± 0.9 0.2 −1.9, 1.7 uniform, RA2010 = 313.1478608
Dec− Dec2010 (mas) −0.3± 0.5 −0.4 −1.3, 0.7 uniform, Dec2010 = −16.1578445
Relative proper motion in RA µRA,rel (mas yr
−1) 400.96+0.23−0.25 400.99 400.48, 401.45 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) 153.8± 1.3 153.9 151.2, 156.4 uniform
Relative parallax pirel (mas) 32.9± 0.7 32.8 31.5, 34.3 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.06± 0.05 0.05 −0.05, 0.17 uniform
Derived properties
Total mass at fixed distance a3P−2(d/29.6pc)3 (MJup) 69+13−20 80 42, 100 · · ·
Time of periastron T0 (JD) 2470000
+4000
−8000 2466000 2461000, 2487000 · · ·
Photocenter semimajor axis α (mas) 10+9−10 8 −10, 31 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −0.5± 0.4 0.3 −1.4, 0.3 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −4.0± 0.4 −3.9 −4.9, −3.2 · · ·
Correction to absolute parallax ∆pi (mas) 0.81+0.05−0.06 0.85 0.70, 0.92 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 400.4± 0.5 401.3 399.4, 401.4 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) 149.8± 1.4 149.9 147.1, 152.6 · · ·
Absolute parallax piabs (mas) 33.7± 0.7 33.6 32.3, 35.1 · · ·
Distance d (pc) 29.6± 0.6 29.8 28.4, 30.9 · · ·
Semimajor axis a (AU) 5.0+0.5−0.6 4.7 4.3, 7.0 · · ·
Total mass Mtot (MJup) 69
+14
−20 81 41, 103 · · ·
–
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Table 32. MCMC Posteriors for the Orbit and Parallax of 2MASS J2132+1341AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 10.74+0.16−0.17 10.72 10.42, 11.08 1/P (log-flat)
Semimajor axis a (mas) 86.1± 0.4 86.1 85.4, 87.0 1/a (log-flat)
Eccentricity e 0.315+0.004−0.005 0.315 0.306, 0.324 uniform, 0 ≤ e < 1
Inclination i (◦) 144.8+0.6−0.5 144.7 143.7, 145.8 sin(i), 0
◦ < i < 180◦
PA of the ascending node Ω (◦) 82.0± 2.2 81.8 77.8, 86.4 uniform
Argument of periastron ω (◦) 15+4−5 14 6, 24 uniform
Mean longitude at 2455197.5 JD λref (
◦) 102.8+2.3−2.4 102.5 98.2, 107.5 uniform
RA− RA2010 (mas) 0.2± 0.7 0.0 −1.2, 1.7 uniform, RA2010 = 323.0480216
Dec− Dec2010 (mas) 0.4+0.7−0.6 0.0 −0.9, 1.7 uniform, Dec2010 = +13.6993492
Relative proper motion in RA µRA,rel (mas yr
−1) 17.83± 0.18 17.92 17.47, 18.19 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −121.57+0.26−0.25 −121.49 −122.08, −121.06 uniform
Relative parallax pirel (mas) 34.8± 0.6 35.0 33.6, 36.0 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.155± 0.010 0.153 0.135, 0.174 uniform
Derived properties
Total mass at fixed distance a3P−2(d/28.1pc)3 (MJup) 128.2+2.8−2.9 128.7 122.7, 134.0 · · ·
Time of periastron T0 (JD) 2458160± 70 2458150 2458020, 2458300 · · ·
Photocenter semimajor axis α (mas) 13.3± 0.9 13.2 11.6, 15.0 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −1.3± 0.4 −1.3 −2.1, −0.6 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −4.2± 0.4 −4.2 −5.0, −3.4 · · ·
Correction to absolute parallax ∆pi (mas) 0.84± 0.05 0.84 0.75, 0.94 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 16.5± 0.4 16.6 15.7, 17.4 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −125.8± 0.5 −125.7 −126.7, −124.8 · · ·
Absolute parallax piabs (mas) 35.6± 0.6 35.9 34.5, 36.8 · · ·
Distance d (pc) 28.1± 0.5 27.9 27.1, 29.0 · · ·
Semimajor axis a (AU) 2.42± 0.04 2.40 2.34, 2.50 · · ·
Total mass Mtot (MJup) 128
+7
−8 126 115, 143 · · ·
–
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Table 33. MCMC Posteriors for the Orbit and Parallax of 2MASS J2140+1625AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 24.45± 0.25 24.34 23.95, 24.96 1/P (log-flat)
Semimajor axis a (mas) 143.0± 1.4 142.5 140.2, 145.8 1/a (log-flat)
Eccentricity e 0.196± 0.007 0.193 0.181, 0.211 uniform, 0 ≤ e < 1
Inclination i (◦) 37.3± 0.6 37.2 36.0, 38.6 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 100.5± 0.6 100.3 99.3, 101.8 uniform
Argument of periastron ω (◦) 186.6+1.1−1.2 186.7 184.4, 189.0 uniform
Mean longitude at 2455197.5 JD λref (
◦) 176.4+0.6−0.7 176.5 175.2, 177.7 uniform
RA− RA2010 (mas) 0.2± 1.1 0.0 −2.1, 2.5 uniform, RA2010 = 325.1220654
Dec− Dec2010 (mas) 0.1± 1.1 0.0 −2.1, 2.2 uniform, Dec2010 = +16.4215747
Relative proper motion in RA µRA,rel (mas yr
−1) −69.2+0.6−0.7 −69.1 −70.4, −67.9 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −76.3± 0.5 −76.3 −77.3, −75.3 uniform
Relative parallax pirel (mas) 29.2
+0.9
−0.8 29.0 27.5, 30.9 1/pi
2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.042+0.026−0.025 0.042 −0.009, 0.093 uniform
Derived properties
Total mass at fixed distance a3P−2(d/32.9pc)3 (MJup) 183.3+2.1−2.2 183.1 179.0, 187.5 · · ·
Time of periastron T0 (JD) 2464380± 90 2464340 2464210, 2464560 · · ·
Photocenter semimajor axis α (mas) 6± 4 6 −1, 13 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) −0.4± 1.5 −0.4 −3.1, 2.9 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −3.9± 1.4 −3.9 −6.9, −1.3 · · ·
Correction to absolute parallax ∆pi (mas) 1.16+0.15−0.18 1.16 0.87, 1.54 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) −69.5± 1.6 −69.5 −72.7, −66.2 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −80.2± 1.5 −80.2 −83.2, −77.2 · · ·
Absolute parallax piabs (mas) 30.4
+0.9
−0.8 30.2 28.6, 32.1 · · ·
Distance d (pc) 32.9+0.9−1.0 33.1 31.1, 34.8 · · ·
Semimajor axis a (AU) 4.71± 0.14 4.72 4.43, 5.00 · · ·
Total mass Mtot (MJup) 183
+14
−17 186 153, 216 · · ·
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Table 34. MCMC Posteriors for the Orbit and Parallax of 2MASS J2206−2047AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 23.96+0.23−0.21 23.98 23.55, 24.35 1/P (log-flat)
Semimajor axis a (mas) 167.7± 0.5 167.9 166.8, 168.7 1/a (log-flat)
Eccentricity e 0.015± 0.008 0.015 0.000, 0.027 uniform, 0 ≤ e < 1
Inclination i (◦) 43.8± 0.5 43.8 42.9, 44.7 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 77.6± 0.4 77.5 76.9, 78.4 uniform
Argument of periastron ω (◦) 96± 13 98 42, 168 uniform
Mean longitude at 2455197.5 JD λref (
◦) 115.7± 0.4 115.9 115.0, 116.5 uniform
RA− RA2010 (mas) 0.3+1.1−1.2 0.3 −2.0, 2.5 uniform, RA2010 = 331.5951921
Dec− Dec2010 (mas) −0.4+0.9−0.8 −0.7 −2.1, 1.4 uniform, Dec2010 = −20.7847000
Relative proper motion in RA µRA,rel (mas yr
−1) 19.0± 0.6 19.1 17.8, 20.2 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) −32.0+0.7−0.6 −31.9 −33.3, −30.7 uniform
Relative parallax pirel (mas) 34.5± 1.0 34.4 32.5, 36.6 1/pi2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a −0.033+0.029−0.027 −0.035 −0.091, 0.023 uniform
Derived properties
Total mass at fixed distance a3P−2(d/28.0pc)3 (MJup) 188.3+2.9−3.1 188.3 183.0, 194.0 · · ·
Time of periastron T0 (JD) 2463500
+300
−400 2463500 2462000, 2465100 · · ·
Photocenter semimajor axis α (mas) −5± 5 −6 −15, 4 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) 1.7± 1.6 0.0 −1.3, 4.8 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −3.7± 1.2 −2.1 −6.3, −1.3 · · ·
Correction to absolute parallax ∆pi (mas) 1.28+0.15−0.16 1.55 0.99, 1.62 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 20.7± 1.7 19.1 17.5, 24.1 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) −35.7± 1.4 −34.0 −38.6, −32.9 · · ·
Absolute parallax piabs (mas) 35.8± 1.0 35.9 33.7, 37.8 · · ·
Distance d (pc) 28.0+0.7−0.9 27.9 26.4, 29.6 · · ·
Semimajor axis a (AU) 4.69+0.13−0.14 4.68 4.43, 4.97 · · ·
Total mass Mtot (MJup) 188
+16
−17 186 158, 223 · · ·
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Table 35. MCMC Posteriors for the Orbit and Parallax of DENIS J2252−1730AB
Property Median ±1σ Best fit 95.4% c.i. Prior/Notes
Fitted parameters
Orbital period P (yr) 8.822+0.026−0.027 8.832 8.771, 8.876 1/P (log-flat)
Semimajor axis a (mas) 123.3+0.8−0.7 123.2 121.8, 124.8 1/a (log-flat)
Eccentricity e 0.334± 0.009 0.335 0.316, 0.352 uniform, 0 ≤ e < 1
Inclination i (◦) 108.6± 0.5 108.8 107.6, 109.6 sin(i), 0◦ < i < 180◦
PA of the ascending node Ω (◦) 178.0± 0.3 178.0 177.4, 178.7 uniform
Argument of periastron ω (◦) 314.6± 1.2 314.6 312.3, 317.0 uniform
Mean longitude at 2455197.5 JD λref (
◦) 57.6± 0.6 57.6 56.4, 58.9 uniform
RA− RA2010 (mas) −0.6+1.5−1.6 0.0 −3.7, 2.6 uniform, RA2010 = 343.0460008
Dec− Dec2010 (mas) 0.2+2.2−2.1 0.0 −4.1, 4.5 uniform, Dec2010 = −17.5031371
Relative proper motion in RA µRA,rel (mas yr
−1) 404.42+0.29−0.28 404.36 403.85, 404.99 uniform
Relative proper motion in Dec µDec,rel (mas yr
−1) 143.0± 0.4 143.0 142.3, 143.8 uniform
Relative parallax pirel (mas) 61.9
+1.3
−1.4 61.2 59.2, 64.6 1/pi
2 (uniform volume density)
Ratio of photocenter orbit to semimajor axis α/a 0.081+0.027−0.028 0.086 0.026, 0.136 uniform
Derived properties
Total mass at fixed distance a3P−2(d/15.9pc)3 (MJup) 100.5+2.1−2.0 100.2 96.4, 104.6 · · ·
Time of periastron T0 (JD) 2460720± 23 2460727 2460676, 2460767 · · ·
Photocenter semimajor axis α (mas) 10± 3 11 3, 17 · · ·
Correction to absolute RA proper motion ∆µRA (mas yr
−1) 2.0± 1.3 2.0 −0.4, 4.7 · · ·
Correction to absolute Dec proper motion ∆µDec (mas yr
−1) −4.5± 1.1 −4.5 −6.9, −2.4 · · ·
Correction to absolute parallax ∆pi (mas) 1.19+0.12−0.14 1.19 0.93, 1.47 · · ·
Absolute proper motion in RA µRA,abs (mas yr
−1) 406.5± 1.3 406.4 404.0, 409.2 · · ·
Absolute proper motion in Dec µDec,abs (mas yr
−1) 138.5± 1.2 138.5 136.0, 140.8 · · ·
Absolute parallax piabs (mas) 63.1
+1.4
−1.3 62.4 60.4, 65.8 · · ·
Distance d (pc) 15.9± 0.3 16.0 15.2, 16.6 · · ·
Semimajor axis a (AU) 1.95± 0.04 1.97 1.87, 2.04 · · ·
Total mass Mtot (MJup) 101± 7 103 88, 115 · · ·
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Table 36. Summary of MCMC Results
13-parameter fit Relative orbit Acceptance
Name χ2 d.o.f. χ2 d.o.f. fraction
LP 349-25AB 45.1 51 12.6 17 0.369
LP 415-20AB 50.9 69 20.2 17 0.292
SDSS J0423−0414AB 53.5 59 12.1 15 0.369
2MASS J0700+3157AB 70.1 65 35.6 33 0.132
LHS 1901AB 48.5 47 24.8 23 0.369
2MASS J0746+2000AB 42.2 41 8.9 13 0.369
2MASS J0850+1057AB 51.0 43 16.7 15 0.068
2MASS J0920+3517AB 90.2 89 42.1 43 0.368
SDSS J0926+5847AB 29.9 29 7.7 7 0.170
2MASS J1017+1308AB 50.4 49 11.5 11 0.355
SDSS J1021−0304AB 27.9 25 9.1 7 0.056
2MASS J1047+4026AB 74.8 61 17.4 15 0.369
SDSS J1052+4422AB 66.2 67 17.0 23 0.369
Gl 417BC · · · · · · 21.6 17 0.485
LHS 2397aAB 74.6 79 25.4 23 0.369
DENIS J1228−1557AB 38.6 47 14.8 27 0.093
Kelu-1AB 39.1 43 13.9 25 0.321
2MASS J1404−3159AB 67.0 55 13.5 13 0.090
HD 130948BC · · · · · · 36.9 31 0.486
Gl 569Bab · · · · · · 37.1 31 0.486
SDSS J1534+1615AB 30.3 31 5.0 5 0.072
2MASS J1534−2952AB 66.6 63 34.6 31 0.170
2MASS J1728+3948AB 50.0 63 16.8 33 0.068
LSPM J1735+2634AB 62.7 57 18.4 21 0.367
2MASS J1750+4424AB 31.1 31 6.0 5 0.053
2MASS J1847+5522AB 45.4 39 15.6 13 0.056
SDSS J2052−1609AB 59.3 61 19.9 19 0.087
2MASS J2132+1341AB 75.9 75 18.4 21 0.364
2MASS J2140+1625AB 63.5 65 33.4 27 0.368
2MASS J2206−2047AB 51.8 61 14.1 13 0.230
DENIS J2252−1730AB 51.4 57 18.4 21 0.369
Note. — The minimum χ2 and degrees of freedom (d.o.f.) for the full 13-parameter
MCMC fits are given for all objects with absolute astrometry from CFHT/WIRCam. We
also report the χ2 of the best-fit solution computed using only the relative orbit data
(Keck, HST, etc.). The last column gives the mean final acceptance fraction for the
MCMC analysis as reported by emcee, averaging over all parameters and walkers.
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Table 37. Summary of Orbit Quality Metrics
Orbit Quality Metrics
Name SpT ∆ logMtot ∆e ∆tobs/P P Mtot
(A+B) (dex) (yr) (MJup)
Orbit Determinations Used in Our Analysis
LP 349-25AB M7+M8 0.0035 0.0037 0.978 7.698± 0.014 166+6−7
LP 415-20AB M6+M8 0.0586 0.0233 0.673 14.82± 0.24 248+26−29
SDSS J0423−0414AB L6.5+T2 0.0093 0.0147 0.659 12.30± 0.06 83± 3
2MASS J0700+3157AB L3+L6.5 0.0035 0.0128 0.431 23.9± 0.5 141+4−5
LHS 1901AB M7+M7 0.0029 0.0017 0.497 16.21± 0.08 213+9−10
2MASS J0746+2000AB L0+L1.5 0.0050 0.0007 0.760 12.736+0.031−0.029 163± 5
2MASS J0920+3517AB L5.5+L9 0.0098 0.0130 1.822 7.258± 0.009 187± 11
2MASS J1017+1308AB L1.5+L3 0.0119 0.0196 0.647 18.60+0.22−0.23 156
+14
−18
2MASS J1047+4026AB M8+L0 0.0048 0.0027 2.136 6.562+0.029−0.026 178
+11
−12
SDSS J1052+4422AB L6.5+T1.5 0.0096 0.0046 1.048 8.608+0.025−0.024 90
+4
−5
Gl 417BC L4.5+L6 0.0114 0.0064 0.846 15.65± 0.08 99.2+3.0−3.3
LHS 2397aAB M8+null 0.0072 0.0063 1.178 14.37± 0.05 159+7−8
Kelu-1AB L2+L4 0.0053 0.0098 0.667 24.98± 0.19 180+22−26
2MASS J1404−3159AB L9+T5 0.0445 0.0106 0.536 16.52+0.21−0.22 120+11−13
HD 130948BC L4+L4 0.0023 0.0034 1.063 10.009± 0.010 115.4+2.2−2.1
Gl 569Bab M8.5+M9 0.0040 0.0020 5.006 2.3707± 0.0005 138± 7
2MASS J1534−2952AB T4.5+T5 0.0060 0.0055 0.719 20.35+0.05−0.06 99± 5
2MASS J1728+3948AB L5+L7 0.0089 0.0277 0.337 40.8+1.6−1.2 140
+7
−8
LSPM J1735+2634AB M7.5+L0 0.0017 0.0075 0.286 21.65+0.24−0.23 187± 7
2MASS J2132+1341AB L4.5+L8.5 0.0192 0.0094 0.576 10.74+0.16−0.17 128
+7
−8
2MASS J2140+1625AB M8+L0.5 0.0101 0.0146 0.612 24.45± 0.25 183+14−17
2MASS J2206−2047AB M8+M8 0.0140 0.0160 0.578 23.96+0.23−0.21 188+16−17
DENIS J2252−1730AB L4+T3.5 0.0176 0.0182 0.945 8.822+0.026−0.027 101± 7
Marginal Orbit Determinations
DENIS J1228−1557AB L5.5+L5.5 0.1201 0.0623 0.292 50+5−7 106+16−19
2MASS J1847+5522AB M6+M7 0.0346 0.1363 0.216 45+5−3 270
+26
−31
Poorly Constrained Orbits
2MASS J0850+1057AB L6.5+L8.5 0.1167 0.1118 0.310 48+7−6 54± 8
SDSS J0926+5847AB T3.5+T5 0.3815 0.3761 0.682 12.9+1.3−1.9 38
+10
−18
SDSS J1021−0304AB T0+T5 0.0600 0.1435 0.101 86+13−17 52+6−7
SDSS J1534+1615AB T0+T5.5 0.0881 0.4296 0.175 58+39−24 46
+6
−7
2MASS J1750+4424AB M6.5+M8.5 0.1963 0.1523 0.038 210+40−60 190
+40
−50
SDSS J2052−1609AB L8.5+T1.5 0.2291 0.2069 0.195 44+10−14 69+14−20
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Table 37—Continued
Orbit Quality Metrics
Name SpT ∆ logMtot ∆e ∆tobs/P P Mtot
(A+B) (dex) (yr) (MJup)
Note. — ∆ logMtot is defined as the difference between the maxi-
mum and minimum values of the 68.3% (1σ) credible interval of the
total mass posterior distribution without including the uncertainty in
the distance. Likewise, ∆e is the difference between the maximum and
minimum values of the 1σ credible interval of the eccentricity posterior
distribution. ∆tobs/P is the time baseline of the resolved astrometry
used in the orbit fit divided by the median of the orbital period pso-
terior distribution. For convenience, we also list here the median and
1σ credible intervals of the orbital period and the total mass including
the uncertainty on the distance.
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Table 38. Comparison of Parallaxes and Proper Motions to Literature Values
Object Absolute Parallax (mas) ∆Proper Motion (mas/yr)a Ref.
Here Lit. Difference RA Dec.
LP 349-25AB 69.2± 0.9 75.8± 1.6 1.9σ 10% 7 18 Gate09
SDSS J0423−0414AB 71.1± 0.8 65.9± 1.7 −1.5σ −7% −1.3± 2.9 −6.2± 1.9 Vrba04
SDSS J0423−0414AB 71.1± 0.8 67.5± 2.3 −0.6σ −5% 0.6± 1.4 −6.0± 1.3 Wein16
2MASS J0700+3157AB 88.6± 0.9 82.0± 2.0 −1.4σ −7% 7.1± 1.0 7.2± 1.1 Thor03
LHS 1901AB 76.4± 1.1 78± 3 0.1σ 2% 2 −8 Lepi09
2MASS J0746+2000AB 80.9± 0.8 86± 5 0.2σ 6% 9± 5 −11± 5 Fahe12
2MASS J0746+2000AB 80.9± 0.8 81.9± 0.3 1.3σ 1% −8.9± 0.9 −4.8± 1.2 Dahn02
2MASS J0850+1057AB 31.4± 0.6 39± 4 0.6σ 24% 3± 3 7.8± 2.7 Dahn02
2MASS J0850+1057AB 31.4± 0.6 26± 4 −0.3σ −17% 1± 7 −5± 3 Vrba04
2MASS J0850+1057AB 31.4± 0.6 35± 8 0.1σ 11% 3± 6 −23± 6 Fahe11
SDSS J1021−0304AB 33.7± 1.2 41± 11 0.1σ 21% 23± 16 −1± 9 Vrba04
SDSS J1021−0304AB 33.7± 1.2 34± 5 0.0σ 2% 16± 9 5± 4 Tinn03
LHS 2397aAB 68.2± 1.1 65.8± 2.0 −0.5σ −4% −10.8± 1.7 12.0± 1.6 Diet14
LHS 2397aAB 68.2± 1.1 70.0± 2.1 0.3σ 3% 28.9± 1.8 8.5± 1.5 Mone92
DENIS J1228−1557AB 48.0± 1.7 49.4± 1.9 0.2σ 3% 30± 30 31± 27 Dahn02
Kelu-1AB 48.0± 2.2 53.6± 2.0 0.6σ 12% 15± 8 13± 5 Dahn02
Kelu-1AB 48.0± 2.2 51.8± 1.2 0.6σ 8% 1± 8 −7± 5 Wein16
2MASS J1404−3159AB 42.5± 1.1 49± 3 0.5σ 16% 3.7± 2.0 5.8± 2.5 Maro13
2MASS J1404−3159AB 42.5± 1.1 40± 6 −0.1σ −6% 1± 5 7± 5 Fahe12
2MASS J1534−2952AB 63.0± 1.1 73.6± 1.2 3.9σ 17% 4.7± 1.1 11.1± 2.4 Tinn03
2MASS J1728+3948AB 36.4± 0.6 42± 3 0.4σ 14% 2± 6 −4± 5 Vrba04
SDSS J2052−1609AB 33.7± 0.7 27± 9 −0.1σ −21% 10± 11 21± 10 Fahe12
2MASS J2132+1341AB 35.6± 0.6 30± 8 −0.1σ −16% 0± 12 −15± 11 Fahe12
2MASS J2206−2047AB 35.8± 1.0 38± 3 0.1σ 5% −2± 7 5± 5 Cost06
Previously Published CFHT Parallaxes
LP 349-25AB 69.2± 0.9 69.6± 0.9 0.2σ 1% −3.9± 2.0 5.0± 2.0 Dupu12
SDSS J0423−0414AB 71.1± 0.8 72.1± 1.1 0.5σ 1% −6.0± 1.1 3.1± 1.3 Dupu12
2MASS J0700+3157AB 88.6± 0.9 86.7± 1.2 −0.8σ −2% 20.0± 1.0 −1.6± 1.1 Dupu12
LHS 1901AB 76.4± 1.1 74.2± 1.0 −1.0σ −3% −1.8± 1.5 0± 3 Dupu12
2MASS J0746+2000AB 80.9± 0.8 81.1± 0.9 0.1σ 0% −0.8± 1.1 0.4± 1.1 Dupu12
2MASS J0850+1057AB 31.4± 0.6 30.1± 0.8 −1.2σ −4% 2.9± 2.4 2.8± 1.5 Dupu12
2MASS J0920+3517AB 32.3± 0.6 34.4± 0.8 2.0σ 6% −2.3± 1.5 2.6± 1.3 Dupu12
SDSS J0926+5847AB 43.4± 1.0 43.7± 1.1 0.1σ 1% −1.9± 1.4 3.3± 1.3 Dupu12
2MASS J1017+1308AB 32.3± 1.1 30.2± 1.4 −0.6σ −6% 0.9± 2.0 5.0± 1.9 Dupu12
SDSS J1021−0304AB 33.7± 1.2 29.9± 1.3 −1.2σ −11% 24± 8 −3.2± 2.1 Dupu12
SDSS J1052+4422AB 38.1± 0.6 38.4± 0.7 0.3σ 1% −2± 3 −2± 3 Dupu15
LHS 2397aAB 68.2± 1.1 73.0± 2.1 0.9σ 7% 7.0± 3.0 −2.6± 2.1 Dupu12
DENIS J1228−1557AB 48.0± 1.7 44.8± 1.8 −0.5σ −7% 30± 30 25± 27 Dupu12
Kelu-1AB 48.0± 2.2 49.7± 2.4 0.2σ 4% 1± 9 −2± 5 Dupu12
2MASS J1404−3159AB 42.5± 1.1 42.1± 1.1 −0.2σ −1% 10.9± 1.1 11.4± 1.6 Dupu12
SDSS J1534+1615AB 27.6± 0.9 24.9± 1.1 −1.4σ −10% −1.1± 1.7 4.2± 1.2 Dupu12
2MASS J1534−2952AB 63.0± 1.1 62.4± 1.3 −0.2σ −1% 2.2± 1.2 2.2± 2.0 Dupu12
2MASS J1728+3948AB 36.4± 0.6 38.7± 0.7 2.5σ 6% 1.0± 0.8 3.6± 1.0 Dupu12
LSPM J1735+2634AB 64.7± 0.8 66.7± 1.4 0.7σ 3% −1.3± 1.1 −3.9± 1.5 Dupu12
2MASS J1750+4424AB 32.4± 0.9 30.3± 1.0 −1.1σ −6% 30± 60 −7± 29 Dupu12
2MASS J1847+5522AB 27.4± 0.9 29.8± 1.1 1.2σ 9% −0.9± 1.1 2.3± 1.6 Dupu12
SDSS J2052−1609AB 33.7± 0.7 33.9± 0.8 0.1σ 1% −0.7± 0.8 2.9± 1.5 Dupu12
2MASS J2132+1341AB 35.6± 0.6 36.0± 0.7 0.4σ 1% 3.0± 1.4 3.3± 0.9 Dupu12
2MASS J2140+1625AB 30.4± 0.9 32.5± 1.1 1.1σ 7% 0.9± 1.8 −2.5± 1.7 Dupu12
2MASS J2206−2047AB 35.8± 1.0 35.7± 1.2 −0.0σ 0% −7.7± 1.9 3.9± 1.8 Dupu12
DENIS J2252−1730AB 63.1± 1.4 63.2± 1.6 0.0σ 0% −9.2± 2.0 6± 4 Dupu12
References. — Cost06 = Costa et al. (2006); Dahn02 = Dahn et al. (2002); Diet14 = Dieterich et al. (2014);
Dupu12 = Dupuy & Liu (2012); Dupu15 = Dupuy et al. (2015b); Fahe11 = Faherty et al. (2011); Fahe12 =
Faherty et al. (2012); Gate09 = Gatewood & Coban (2009); Lepi09 = Le´pine et al. (2009); Maro13 = Marocco
et al. (2013); Mone92 = Monet et al. (1992); Thor03 = Thorstensen & Kirkpatrick (2003); Tinn03 = Tinney
et al. (2003); Vrba04 = Vrba et al. (2004); Wein16 = Weinberger et al. (2016).
aThe difference between our absolute proper motions and literature values that are typically reported as
relative.
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Table 39. Apparent Magnitudes for the Sample
Filter Integrated ∆m = mB −mA mA mB References
LP 349-25AB
MKO J 10.563± 0.022 0.350± 0.030 11.155± 0.025 11.505± 0.028 Cutr03, Dupu10, Dupu12
MKO H 10.005± 0.023 0.326± 0.011 10.607± 0.023 10.933± 0.024 Cutr03, Dupu10, Dupu12
MKO K 9.540± 0.017 0.307± 0.008 10.150± 0.017 10.457± 0.018 Cutr03, Dupu10, Dupu12
2MASS J 10.615± 0.025 0.346± 0.037 11.208± 0.029 11.555± 0.032 Cutr03, Dupu10, Dupu12, Dupu16
2MASS H 9.976± 0.023 0.320± 0.012 10.580± 0.024 10.900± 0.024 Cutr03, Dupu10, Dupu12, Dupu16
2MASS KS 9.569± 0.017 0.318± 0.007 10.174± 0.017 10.492± 0.017 Cutr03, Dupu10
LP 415-20AB
MKO J 12.661± 0.021 0.715± 0.024 13.114± 0.023 13.829± 0.026 Dupu16
MKO H 12.100± 0.022 0.652± 0.011 12.575± 0.022 13.227± 0.023 Dupu16
MKO K 11.641± 0.021 0.567± 0.030 12.146± 0.024 12.714± 0.028 Cutr03, Dupu16
2MASS J 12.715± 0.024 0.708± 0.032 13.170± 0.027 13.878± 0.030 Dupu16
2MASS H 12.072± 0.022 0.641± 0.012 12.551± 0.023 13.192± 0.023 Dupu16
2MASS KS 11.668± 0.020 0.566± 0.029 12.174± 0.023 12.740± 0.027 Cutr03, Dupu16
SDSS J0423−0414AB
MKO J 14.300± 0.030 0.420± 0.060 14.863± 0.039 15.283± 0.047 Dupu12, Legg02a
MKO H 13.510± 0.030 0.720± 0.050 13.961± 0.034 14.681± 0.045 Dupu12, Legg02a
MKO K 12.960± 0.030 1.180± 0.080 13.276± 0.036 14.456± 0.067 Dupu12, Legg02a
2MASS J 14.432± 0.032 0.473± 0.064 14.974± 0.041 15.448± 0.049 Dupu12, Dupu16, Legg02a
2MASS H 13.452± 0.030 0.720± 0.050 13.903± 0.035 14.623± 0.045 Dupu12, Dupu16, Legg02a
2MASS KS 12.929± 0.034 1.110± 0.080 13.263± 0.040 14.373± 0.068 Cutr03, Dupu12
F110W 15.280± 0.050 0.535± 0.022 15.798± 0.051 16.333± 0.052 Burg06b, Dupu16
F170M 13.620± 0.050 0.818± 0.012 14.039± 0.050 14.857± 0.051 Burg06b, Dupu16
2MASS J0700+3157AB
MKO J 12.843± 0.023 1.487± 0.021 13.089± 0.023 14.576± 0.028 Cutr03, Dupu12, Dupu16
MKO H 11.997± 0.016 1.403± 0.017 12.260± 0.016 13.664± 0.021 Cutr03, Dupu12, Dupu16
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MKO K 11.294± 0.023 1.393± 0.017 11.560± 0.023 12.953± 0.027 Cutr03, Dupu12, Dupu16
2MASS J 12.921± 0.026 1.537± 0.030 13.157± 0.028 14.694± 0.032 Cutr03, Dupu12, Dupu16
2MASS H 11.943± 0.016 1.397± 0.018 12.207± 0.017 13.605± 0.021 Cutr03, Dupu12, Dupu16
2MASS KS 11.316± 0.023 1.390± 0.019 11.583± 0.024 12.973± 0.027 Cutr03, Dupu12, Dupu16
F110W 13.170± 0.050 1.600± 0.050 13.394± 0.051 14.994± 0.064 Dupu16, Reid06a
F170M 11.270± 0.050 1.476± 0.021 11.518± 0.050 12.994± 0.053 Dupu16, Reid06a
LHS 1901AB
MKO J 9.933± 0.018 0.111± 0.016 10.632± 0.020 10.743± 0.020 Cutr03, Dupu10, Dupu12
MKO H 9.500± 0.016 0.115± 0.009 10.197± 0.017 10.312± 0.017 Cutr03, Dupu10, Dupu12
MKO K 9.095± 0.018 0.107± 0.007 9.795± 0.018 9.902± 0.018 Cutr03, Dupu10, Dupu12
2MASS J 9.988± 0.021 0.109± 0.027 10.688± 0.025 10.797± 0.025 Cutr03, Dupu10, Dupu12, Dupu16
2MASS H 9.475± 0.016 0.113± 0.011 10.173± 0.017 10.285± 0.017 Cutr03, Dupu10, Dupu12, Dupu16
2MASS KS 9.126± 0.018 0.094± 0.003 9.833± 0.018 9.927± 0.018 Cutr03, Dupu10
2MASS J0746+2000AB
MKO J 11.640± 0.030 0.526± 0.010 12.161± 0.030 12.687± 0.031 Dupu16, Legg02a
MKO H 11.010± 0.030 0.440± 0.030 11.565± 0.032 12.005± 0.035 Kono10, Legg02a
MKO K 10.430± 0.030 0.347± 0.008 11.023± 0.030 11.370± 0.030 Dupu16, Legg02a
2MASS J 11.695± 0.032 0.532± 0.023 12.214± 0.034 12.746± 0.034 Dupu16, Legg02a
2MASS H 10.962± 0.030 0.436± 0.031 11.518± 0.033 11.955± 0.035 Dupu16, Kono10, Legg02a
2MASS KS 10.468± 0.022 0.357± 0.025 11.057± 0.024 11.414± 0.026 Cutr03, Kono10
2MASS J0850+1057AB
MKO J 16.200± 0.030 1.340± 0.130 16.479± 0.042 17.819± 0.105 Dupu16, Legg02a
MKO H 15.210± 0.030 1.060± 0.090 15.558± 0.039 16.618± 0.072 Dupu16, Legg02a
MKO K 14.350± 0.030 0.869± 0.104 14.754± 0.044 15.623± 0.078 Dupu16, Legg02a
2MASS J 16.307± 0.032 1.377± 0.132 16.578± 0.045 17.955± 0.106 Dupu16, Legg02a
2MASS H 15.152± 0.030 1.059± 0.090 15.500± 0.039 16.559± 0.072 Dupu16, Legg02a
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2MASS KS 14.473± 0.066 0.840± 0.100 14.886± 0.073 15.726± 0.095 Cutr03, Dupu16
F110W 17.380± 0.070 1.190± 0.050 17.693± 0.071 18.883± 0.079 Burg11, Dupu16
F170M 15.360± 0.050 0.920± 0.040 15.747± 0.051 16.667± 0.057 Burg11, Dupu16
2MASS J0920+3517AB
MKO J 15.521± 0.063 0.275± 0.026 16.145± 0.064 16.420± 0.065 Cutr03, Dupu12, Dupu16
MKO H 14.730± 0.057 0.224± 0.034 15.376± 0.059 15.600± 0.060 Cutr03, Dupu12, Dupu16
MKO K 13.970± 0.061 0.426± 0.061 14.531± 0.066 14.957± 0.071 Cutr03, Dupu12, Dupu16
2MASS J 15.621± 0.064 0.292± 0.034 16.238± 0.066 16.530± 0.066 Cutr03, Dupu12, Dupu16
2MASS H 14.672± 0.057 0.223± 0.034 15.319± 0.059 15.542± 0.060 Cutr03, Dupu12, Dupu16
2MASS KS 13.979± 0.061 0.336± 0.113 14.578± 0.078 14.914± 0.089 Cutr03, Dupu16
SDSS J0926+5847AB
MKO J 15.701± 0.065 0.210± 0.130 16.356± 0.088 16.566± 0.097 Cutr03, Dupu12
F110W 16.570± 0.050 0.410± 0.120 17.138± 0.070 17.548± 0.087 Burg06b, Dupu16
F170M 15.640± 0.050 0.840± 0.110 16.053± 0.061 16.893± 0.091 Burg06b, Dupu16
2MASS J1017+1308AB
MKO J 14.026± 0.024 0.201± 0.018 14.683± 0.025 14.884± 0.026 Cutr03, Dupu12, Dupu16
MKO H 13.331± 0.027 0.150± 0.040 14.011± 0.033 14.161± 0.034 Cutr03, Dupu12, Dupu16
MKO K 12.687± 0.023 0.124± 0.080 13.380± 0.044 13.504± 0.048 Cutr03, Dupu12, Dupu16
2MASS J 14.086± 0.026 0.204± 0.028 14.742± 0.030 14.945± 0.030 Cutr03, Dupu12, Dupu16
2MASS H 13.280± 0.027 0.149± 0.040 13.961± 0.033 14.110± 0.035 Cutr03, Dupu12, Dupu16
2MASS KS 12.710± 0.023 0.113± 0.024 13.408± 0.026 13.521± 0.026 Cutr03, Dupu16
F814W 17.410± 0.050 0.270± 0.050 18.036± 0.055 18.306± 0.057 Dupu16, Gizi03
SDSS J1021−0304AB
MKO J 15.880± 0.030 −0.104± 0.012 16.686± 0.031 16.582± 0.031 Dupu16, Legg00
MKO H 15.410± 0.030 0.745± 0.023 15.853± 0.031 16.598± 0.034 Dupu16, Legg00
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MKO CH4S 15.222± 0.030 0.518± 0.030 15.746± 0.032 16.264± 0.035 Dupu12, Dupu16
MKO K 15.260± 0.030 1.134± 0.022 15.587± 0.031 16.721± 0.034 Dupu16, Legg00
2MASS J 16.049± 0.032 −0.051± 0.024 16.827± 0.034 16.777± 0.034 Dupu16, Legg00
2MASS H 15.351± 0.030 0.746± 0.024 15.794± 0.031 16.540± 0.034 Dupu16, Legg00
2MASS KS 15.223± 0.029 1.023± 0.025 15.580± 0.029 16.603± 0.035 Dupu16, Legg00
F170M 15.830± 0.050 1.030± 0.019 16.185± 0.050 17.215± 0.052 Burg06b
2MASS J1047+4026AB (a.k.a. LP 213-68)
MKO J 12.386± 0.022 0.850± 0.250 12.801± 0.082 13.651± 0.173 Clos03, Dupu16
MKO H 11.736± 0.019 0.315± 0.179 12.346± 0.079 12.661± 0.104 Dupu16
MKO K 11.224± 0.018 0.289± 0.049 11.842± 0.028 12.131± 0.033 Dupu16
2MASS J 12.435± 0.025 0.850± 0.251 12.850± 0.084 13.700± 0.173 Clos03, Dupu16
2MASS H 11.699± 0.019 0.310± 0.179 12.311± 0.079 12.621± 0.104 Dupu16
2MASS KS 11.254± 0.018 0.289± 0.049 11.872± 0.028 12.161± 0.033 Cutr03, Dupu16
SDSS J1052+4422AB
MKO J 15.890± 0.030 −0.450± 0.090 16.892± 0.062 16.442± 0.047 Chiu06, Dupu15
MKO H 15.090± 0.030 0.060± 0.070 15.814± 0.045 15.874± 0.047 Chiu06, Dupu15
MKO K 14.460± 0.030 0.520± 0.050 14.984± 0.036 15.504± 0.043 Chiu06, Dupu15
2MASS J 16.031± 0.032 −0.426± 0.092 17.018± 0.064 16.592± 0.049 Chiu06, Dupu15, Dupu16
2MASS H 15.031± 0.030 0.060± 0.070 15.755± 0.046 15.814± 0.047 Chiu06, Dupu15, Dupu16
2MASS KS 14.461± 0.029 0.472± 0.048 15.003± 0.036 15.475± 0.039 Chiu06, Dupu15, Dupu16
Gl 417BC
MKO Y 15.802± 0.033 0.400± 0.040 16.373± 0.037 16.773± 0.041 Dupu12, Dupu14
MKO J 14.493± 0.033 0.440± 0.040 15.048± 0.037 15.488± 0.041 Cutr03, Dupu12, Dupu14
MKO H 13.560± 0.032 0.260± 0.090 14.191± 0.051 14.451± 0.060 Cutr03, Dupu12, Dupu14
MKO K 12.692± 0.028 0.347± 0.025 13.285± 0.030 13.632± 0.032 Cutr03, Dupu12
2MASS J 14.573± 0.035 0.452± 0.045 15.124± 0.040 15.575± 0.043 Cutr03, Dupu12, Dupu14, Dupu16
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2MASS H 13.504± 0.032 0.258± 0.090 14.137± 0.051 14.395± 0.060 Cutr03, Dupu12, Dupu14, Dupu16
2MASS KS 12.721± 0.028 0.412± 0.050 13.287± 0.035 13.699± 0.041 Cutr03, Dupu16
F814W 18.140± 0.050 0.550± 0.070 18.653± 0.057 19.203± 0.066 Dupu14, Gizi03
LHS 2397aAB
MKO J 11.830± 0.030 3.120± 0.080 11.890± 0.030 15.010± 0.081 Dupu09c, Legg02a
MKO H 11.260± 0.030 2.960± 0.050 11.329± 0.030 14.289± 0.056 Dupu09c, Legg02a
MKO CH4S 11.281± 0.030 3.370± 0.240 11.330± 0.032 14.700± 0.231 Dupu09c, Dupu12
MKO K 10.690± 0.030 2.728± 0.033 10.775± 0.030 13.503± 0.043 Dupu16, Legg02a
2MASS J 11.882± 0.033 3.188± 0.083 11.938± 0.034 15.127± 0.083 Dupu09c, Dupu16, Legg02a
2MASS H 11.221± 0.030 2.939± 0.050 11.291± 0.030 14.230± 0.056 Dupu09c, Dupu16, Legg02a
2MASS KS 10.735± 0.023 2.800± 0.030 10.814± 0.023 13.614± 0.036 Cutr03, Dupu09c
DENIS J1228−1557AB
MKO Y 15.526± 0.030 0.010± 0.030 16.274± 0.033 16.284± 0.034 Dupu12, Dupu16
MKO J 14.280± 0.050 0.105± 0.035 14.982± 0.053 15.086± 0.053 Dupu16, Legg02a
MKO H 13.400± 0.050 0.113± 0.011 14.098± 0.050 14.211± 0.050 Dupu16, Legg02a
MKO K 12.710± 0.050 0.122± 0.023 13.403± 0.051 13.525± 0.051 Dupu16, Legg02a
2MASS J 14.365± 0.051 0.109± 0.041 15.065± 0.055 15.174± 0.055 Dupu16, Legg02a
2MASS H 13.343± 0.050 0.112± 0.012 14.041± 0.050 14.154± 0.051 Dupu16, Legg02a
2MASS KS 12.767± 0.030 0.126± 0.013 13.458± 0.031 13.584± 0.031 Cutr03, Dupu16
Kelu-1AB
MKO J 13.230± 0.050 0.700± 0.050 13.688± 0.053 14.388± 0.060 Dupu16, Legg02a
MKO H 12.450± 0.050 0.525± 0.030 12.972± 0.051 13.497± 0.053 Dupu16, Legg02a
MKO K 11.723± 0.023 0.408± 0.014 12.291± 0.024 12.698± 0.025 Cutr03, Dupu16
2MASS J 13.287± 0.051 0.708± 0.054 13.743± 0.055 14.451± 0.062 Dupu16, Legg02a
2MASS H 12.401± 0.050 0.521± 0.031 12.924± 0.051 13.445± 0.054 Dupu16, Legg02a
2MASS KS 11.747± 0.023 0.407± 0.011 12.315± 0.023 12.722± 0.024 Cutr03, Dupu16
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2MASS J1404−3159AB
MKO J 15.409± 0.063 −0.540± 0.030 16.465± 0.066 15.925± 0.064 Cutr03, Dupu12, Dupu16
MKO H 15.012± 0.067 0.544± 0.046 15.527± 0.069 16.071± 0.073 Cutr03, Dupu12, Dupu16
MKO CH4S 14.854± 0.063 0.310± 0.017 15.463± 0.063 15.773± 0.064 Dupu12, Dupu16
MKO K 14.552± 0.095 1.402± 0.027 14.816± 0.095 16.218± 0.097 Cutr03, Dupu12, Dupu16
2MASS J 15.579± 0.064 −0.474± 0.037 16.594± 0.068 16.120± 0.066 Cutr03, Dupu12, Dupu16
2MASS H 14.953± 0.067 0.545± 0.046 15.468± 0.069 16.013± 0.073 Cutr03, Dupu12, Dupu16
2MASS KS 14.538± 0.095 1.206± 0.010 14.847± 0.095 16.053± 0.095 Cutr03, Dupu16
HD 130948BC
MKO J 13.200± 0.080 0.305± 0.014 13.811± 0.080 14.116± 0.080 Dupu09b, Dupu09c
MKO H 12.420± 0.150 0.290± 0.020 13.037± 0.150 13.327± 0.150 Dupu09b, Dupu09c
MKO K 11.690± 0.040 0.197± 0.003 12.349± 0.040 12.545± 0.040 Dupu09b, Dupu09c
2MASS J 13.263± 0.081 0.310± 0.025 13.872± 0.082 14.182± 0.082 Dupu09b, Dupu09c, Dupu16
2MASS H 12.368± 0.150 0.288± 0.021 12.986± 0.150 13.275± 0.150 Dupu09b, Dupu09c, Dupu16
2MASS KS 11.713± 0.040 0.197± 0.009 12.372± 0.040 12.569± 0.040 Dupu09b, Dupu09c, Dupu16
Gl 569Bab
MKO J 10.750± 0.060 0.510± 0.020 11.277± 0.060 11.787± 0.061 Dupu10, Lane01
MKO H 10.150± 0.040 0.540± 0.020 10.666± 0.041 11.206± 0.042 Dupu10
MKO K 9.620± 0.030 0.473± 0.010 10.162± 0.030 10.635± 0.031 Dupu10
2MASS J 10.802± 0.061 0.515± 0.029 11.327± 0.062 11.842± 0.063 Dupu10, Dupu16, Lane01
2MASS H 10.106± 0.040 0.534± 0.021 10.624± 0.041 11.158± 0.042 Dupu10, Dupu16
2MASS KS 9.650± 0.030 0.470± 0.020 10.193± 0.031 10.663± 0.032 Dupu10, Dupu12
SDSS J1534+1615AB
MKO J 16.620± 0.030 −0.179± 0.005 17.466± 0.030 17.287± 0.030 Chiu06, Dupu16
MKO H 16.370± 0.030 0.587± 0.017 16.868± 0.031 17.455± 0.032 Chiu06, Dupu16
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MKO CH4S 16.190± 0.030 0.333± 0.064 16.789± 0.040 17.122± 0.047 Chiu06, Dupu16
MKO K 16.060± 0.030 1.160± 0.060 16.381± 0.034 17.541± 0.054 Chiu06, Dupu16
2MASS J 16.808± 0.032 −0.125± 0.022 17.624± 0.034 17.500± 0.034 Chiu06, Dupu16
2MASS H 16.312± 0.030 0.589± 0.018 16.810± 0.031 17.398± 0.032 Chiu06, Dupu16
2MASS KS 15.992± 0.029 1.089± 0.059 16.332± 0.032 17.421± 0.054 Chiu06, Dupu16
2MASS J1534−2952AB
MKO J 14.600± 0.030 0.163± 0.014 15.274± 0.031 15.437± 0.031 Knap04, Liu08
MKO H 14.740± 0.030 0.286± 0.011 15.359± 0.030 15.645± 0.031 Knap04, Liu08
MKO CH4S 14.418± 0.030 0.210± 0.040 15.071± 0.035 15.281± 0.037 Knap04, Liu08
MKO K 14.910± 0.030 0.287± 0.012 15.529± 0.030 15.816± 0.031 Knap04, Liu08
2MASS J 14.809± 0.032 0.176± 0.025 15.477± 0.034 15.653± 0.034 Dupu16, Knap04, Liu08
2MASS H 14.683± 0.030 0.287± 0.012 15.301± 0.031 15.588± 0.031 Dupu16, Knap04, Liu08
2MASS KS 14.791± 0.030 0.286± 0.016 15.410± 0.031 15.695± 0.031 Dupu16, Knap04, Liu08
F814W 19.620± 0.020 0.296± 0.031 20.235± 0.024 20.531± 0.027 Burg03b, Dupu16
2MASS J1728+3948AB
MKO J 15.889± 0.076 0.266± 0.051 16.517± 0.079 16.783± 0.081 Cutr03, Dupu12, Dupu16
MKO H 14.815± 0.066 0.423± 0.008 15.377± 0.066 15.800± 0.066 Cutr03, Dupu12, Dupu16
MKO K 13.893± 0.048 0.634± 0.027 14.374± 0.049 15.008± 0.051 Cutr03, Dupu12, Dupu16
2MASS J 15.997± 0.077 0.292± 0.055 16.614± 0.081 16.906± 0.082 Cutr03, Dupu12, Dupu16
2MASS H 14.757± 0.066 0.422± 0.010 15.319± 0.066 15.741± 0.066 Cutr03, Dupu12, Dupu16
2MASS KS 13.909± 0.048 0.581± 0.037 14.410± 0.050 14.991± 0.053 Cutr03, Dupu16
F814W 19.680± 0.050 0.460± 0.075 20.227± 0.058 20.687± 0.067 Dupu16, Gizi03
F110W 16.760± 0.050 0.290± 0.030 17.377± 0.052 17.667± 0.053 Burg11, Dupu16
F170M 14.770± 0.050 0.465± 0.012 15.315± 0.050 15.780± 0.051 Burg11, Dupu16
LSPM J1735+2634AB
MKO J 11.198± 0.026 0.570± 0.030 11.703± 0.028 12.273± 0.032 Cutr03, Dupu12
–
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MKO H 10.628± 0.031 0.557± 0.005 11.137± 0.031 11.694± 0.031 Cutr03, Dupu12
MKO K 10.131± 0.020 0.488± 0.011 10.667± 0.020 11.155± 0.021 Cutr03, Dupu12
2MASS J 11.247± 0.028 0.570± 0.037 11.752± 0.032 12.322± 0.035 Cutr03, Dupu12, Dupu16
2MASS H 10.591± 0.031 0.549± 0.008 11.103± 0.031 11.653± 0.031 Cutr03, Dupu12, Dupu16
2MASS KS 10.157± 0.020 0.490± 0.020 10.692± 0.021 11.182± 0.023 Cutr03, Dupu12
2MASS J1750+4424AB
MKO J 12.749± 0.023 0.782± 0.019 13.180± 0.024 13.962± 0.026 Cutr03, Dupu12, Dupu16
MKO H 12.198± 0.021 0.770± 0.120 12.634± 0.045 13.404± 0.083 Cutr03, Dupu12, Kono10
MKO K 11.741± 0.017 0.637± 0.036 12.221± 0.021 12.858± 0.029 Cutr03, Dupu12, Dupu16
2MASS J 12.799± 0.026 0.784± 0.029 13.229± 0.028 14.012± 0.030 Cutr03, Dupu12, Dupu16
2MASS H 12.160± 0.021 0.761± 0.120 12.599± 0.045 13.359± 0.083 Cutr03, Dupu12, Dupu16, Kono10
2MASS KS 11.768± 0.017 0.637± 0.005 12.248± 0.017 12.885± 0.017 Cutr03, Dupu16
2MASS J1847+5522AB
MKO J 11.874± 0.021 0.240± 0.090 12.514± 0.045 12.754± 0.054 Cutr03, Dupu12, Kono10
MKO H 11.305± 0.019 0.242± 0.011 11.943± 0.020 12.185± 0.020 Cutr03, Dupu12, Dupu16
MKO K 10.877± 0.020 0.264± 0.022 11.506± 0.022 11.770± 0.023 Cutr03, Dupu12, Dupu16
2MASS J 11.941± 0.024 0.232± 0.092 12.585± 0.048 12.816± 0.056 Cutr03, Dupu12, Dupu16, Kono10
2MASS H 11.290± 0.019 0.236± 0.012 11.931± 0.020 12.167± 0.020 Cutr03, Dupu12, Dupu16
2MASS KS 10.901± 0.020 0.281± 0.060 11.523± 0.033 11.804± 0.039 Cutr03, Dupu16
SDSS J2052−1609AB
MKO J 16.040± 0.030 0.042± 0.057 16.772± 0.041 16.814± 0.042 Chiu06, Dupu16
MKO H 15.450± 0.030 0.324± 0.027 16.053± 0.032 16.377± 0.034 Chiu06, Dupu16
MKO K 15.000± 0.030 0.873± 0.037 15.402± 0.032 16.275± 0.039 Chiu06, Dupu16
2MASS J 16.193± 0.032 0.083± 0.061 16.905± 0.044 16.988± 0.044 Chiu06, Dupu16
2MASS H 15.391± 0.030 0.324± 0.028 15.994± 0.032 16.318± 0.034 Chiu06, Dupu16
2MASS KS 14.981± 0.028 0.773± 0.034 15.415± 0.030 16.187± 0.036 Chiu06, Dupu16
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F110W 17.140± 0.020 0.200± 0.400 17.815± 0.185 18.015± 0.220 Dupu16, Stum11
F170M 15.370± 0.020 0.420± 0.240 15.939± 0.100 16.359± 0.144 Dupu16, Stum11
2MASS J2132+1341AB
MKO J 15.708± 0.062 0.850± 0.040 16.117± 0.063 16.967± 0.068 Cutr03, Dupu12
MKO H 14.659± 0.055 0.910± 0.050 15.049± 0.057 15.960± 0.065 Cutr03, Dupu12
MKO K 13.824± 0.058 0.860± 0.050 14.230± 0.060 15.090± 0.067 Cutr03, Dupu12
2MASS J 15.809± 0.063 0.885± 0.045 16.207± 0.065 17.092± 0.070 Cutr03, Dupu12, Dupu16
2MASS H 14.602± 0.055 0.908± 0.050 14.993± 0.057 15.901± 0.065 Cutr03, Dupu12, Dupu16
2MASS KS 13.839± 0.058 0.819± 0.023 14.258± 0.058 15.077± 0.060 Cutr03, Dupu12
2MASS J2140+1625AB
MKO Y 13.726± 0.033 0.970± 0.030 14.099± 0.034 15.069± 0.039 Dupu12, Dupu16
MKO J 12.885± 0.033 0.795± 0.018 13.311± 0.034 14.106± 0.035 Cutr03, Dupu12, Dupu16
MKO H 12.303± 0.040 0.769± 0.009 12.738± 0.040 13.507± 0.040 Cutr03, Dupu12, Dupu16
MKO K 11.797± 0.031 0.732± 0.078 12.245± 0.041 12.977± 0.060 Cutr03, Dupu12, Dupu16
2MASS J 12.935± 0.035 0.796± 0.028 13.361± 0.037 14.157± 0.038 Cutr03, Dupu12, Dupu16
2MASS H 12.267± 0.040 0.758± 0.011 12.705± 0.040 13.463± 0.041 Cutr03, Dupu12, Dupu16
2MASS KS 11.826± 0.031 0.743± 0.075 12.270± 0.040 13.013± 0.059 Cutr03, Dupu16
F814W 15.720± 0.050 1.260± 0.040 16.016± 0.051 17.276± 0.059 Dupu16, Gizi03
2MASS J2206−2047AB
MKO J 12.321± 0.022 0.107± 0.017 13.021± 0.023 13.128± 0.024 Cutr03, Dupu09a, Dupu12
MKO H 11.720± 0.022 0.080± 0.019 12.433± 0.024 12.513± 0.024 Cutr03, Dupu09a, Dupu12
MKO K 11.289± 0.027 0.049± 0.010 12.017± 0.027 12.066± 0.027 Cutr03, Dupu12, Dupu16
2MASS J 12.370± 0.024 0.107± 0.027 13.070± 0.028 13.177± 0.028 Cutr03, Dupu09a, Dupu12, Dupu16
2MASS H 11.685± 0.022 0.079± 0.020 12.398± 0.024 12.478± 0.024 Cutr03, Dupu09a, Dupu12, Dupu16
2MASS KS 11.315± 0.027 0.067± 0.016 12.035± 0.028 12.102± 0.028 Cutr03, Dupu16
F814W 15.010± 0.050 0.060± 0.020 15.733± 0.051 15.793± 0.051 Dupu09a, Gizi03
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Table 39—Continued
Filter Integrated ∆m = mB −mA mA mB References
DENIS J2252−1730AB
MKO Y 15.257± 0.029 0.569± 0.021 15.762± 0.030 16.331± 0.032 Dupu12, Dupu16
MKO J 14.200± 0.029 0.770± 0.040 14.635± 0.032 15.405± 0.040 Cutr03, Dupu12, Dupu16
MKO H 13.413± 0.030 1.180± 0.060 13.729± 0.034 14.909± 0.054 Cutr03, Dupu12, Dupu16
MKO CH4S 13.363± 0.029 0.978± 0.026 13.733± 0.030 14.711± 0.034 Dupu12, Dupu16
MKO K 12.896± 0.025 1.775± 0.114 13.090± 0.031 14.865± 0.100 Cutr03, Dupu16
2MASS J 14.319± 0.031 0.848± 0.046 14.728± 0.035 15.576± 0.043 Cutr03, Dupu12, Dupu16
2MASS H 13.355± 0.030 1.178± 0.060 13.672± 0.034 14.850± 0.054 Cutr03, Dupu12, Dupu16
2MASS KS 12.901± 0.024 1.677± 0.102 13.112± 0.030 14.789± 0.087 Cutr03, Dupu16
F110W 15.100± 0.050 0.978± 0.030 15.470± 0.051 16.448± 0.054 Dupu16, Reid06a
F170M 13.460± 0.050 1.292± 0.024 13.748± 0.050 15.040± 0.053 Dupu16, Reid06a
References. — Burg03b = Burgasser et al. (2003b); Burg06b = Burgasser et al. (2006b); Burg11 = Burgasser
et al. (2011); Chiu06 = Chiu et al. (2006); Clos03 = Close et al. (2003); Cutr03 = Cutri et al. (2003); Dupu09a =
Dupuy et al. (2009a); Dupu09b = Dupuy et al. (2009b); Dupu09c = Dupuy et al. (2009c); Dupu10 = Dupuy et al.
(2010); Dupu12 = Dupuy & Liu (2012); Dupu14 = Dupuy et al. (2014); Dupu15 = Dupuy et al. (2015b); Dupu16 =
this work; Gizi03 = Gizis et al. (2003); Knap04 = Knapp et al. (2004); Kono10 = Konopacky et al. (2010); Lane01
= Lane et al. (2001); Legg00 = Leggett et al. (2000); Legg02a = Leggett et al. (2002); Liu08 = Liu et al. (2008);
Reid06a = Reid et al. (2006a); Stum11 = Stumpf et al. (2011).
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Table 40. Summary of Key Parameters from Orbit Analysis
System Mtot q e P a aphot/a β
(MJup) ≡M2/M1 (days) (AU) ≡ F2/(F1 + F2)∗
LP 349-25AB 166+6−7 0.941
+0.029
−0.030 0.0468
+0.0019
−0.0018 2812± 5 2.109± 0.027 0.056± 0.008 0.4286± 0.0018
LP 415-20AB 248+26−29 0.59
+0.10
−0.12 0.706
+0.011
−0.012 5410± 90 3.73± 0.12 0.00± 0.03 0.370± 0.028
SDSS J0423−0414AB 83± 3 0.62± 0.04 0.272+0.008−0.007 4491+21−22 2.291+0.027−0.028 −0.023± 0.006 0.404± 0.013
2MASS J0700+3157AB 141+4−5 1.08± 0.05 0.017+0.005−0.007 8720± 190 4.25± 0.08 0.310± 0.011 0.208± 0.005
LHS 1901AB 213+9−10 0.87
+0.09
−0.11 0.8304± 0.0009 5921± 29 3.76± 0.06 −0.009± 0.028 0.4750± 0.0016
2MASS J0746+2000AB 160.8+1.8−1.7 0.952
+0.026
−0.027 0.4854± 0.0003 4652± 11 2.919± 0.009 0.069± 0.007 0.4186± 0.0018
2MASS J0850+1057AB 54± 8† · · · 0.06+0.05−0.06† 17600+2700−2300† 4.98+0.25−0.33† 0.04± 0.12 0.225± 0.021
2MASS J0920+3517AB 187± 11 1.63+0.08−0.09 0.180+0.006−0.007 2651± 3 2.11± 0.04 0.183± 0.010 0.437± 0.006
SDSS J0926+5847AB 38+10−18
† · · · 0.35+0.22−0.16† 4700+500−700† 1.80+0.14−0.21† −0.07± 0.08 0.452± 0.030
2MASS J1017+1308AB 156+14−18 0.92± 0.08 0.158± 0.010 6790± 80 3.72± 0.13 0.026± 0.022 0.454± 0.004
SDSS J1021−0304AB 52+6−7† · · · 0.38± 0.07† 31000+5000−6000† 7.2+0.7−0.8† −0.9± 0.3 0.5239± 0.0028
2MASS J1047+4026AB 178+11−12 0.82± 0.06 0.7485± 0.0013 2397+11−10 1.94± 0.04 0.019± 0.015 0.432± 0.011
SDSS J1052+4422AB 90+4−5 0.78± 0.07 0.1399+0.0022−0.0023 3144± 9 1.86± 0.03 −0.165± 0.008 0.602± 0.020
Gl 417BC 99.2+3.0−3.3 · · · 0.105± 0.003 5714+29−30 2.851± 0.029 · · · · · ·
LHS 2397aAB 159+7−8 0.706
+0.027
−0.028 0.351± 0.003 5248+18−17 3.15± 0.05 0.344± 0.009 0.0693± 0.0025
DENIS J1228−1557AB 106+16−19† · · · 0.089+0.027−0.035† 18300+1900−2400† 6.36+0.29−0.35† 0.9± 1.1 0.476± 0.008
Kelu-1AB 180+22−26
‡ · · · 0.709± 0.005 9120± 70 4.75+0.21−0.22 −0.7± 0.9 0.344± 0.010
2MASS J1404−3159AB 120+11−13 0.84± 0.06 0.825± 0.005 6030± 80 3.15+0.09−0.11 −0.165± 0.016 0.622± 0.006
HD 130948BC 115.4+2.2−2.1 · · · 0.1627± 0.0017 3656± 4 2.226+0.014−0.013 · · · · · ·
Gl 569Bab 138± 7 · · · 0.3186± 0.0010 865.89± 0.20 0.904± 0.015 · · · · · ·
SDSS J1534+1615AB 46+6−7
† · · · 0.22+0.21−0.22† 21000+14000−9000 † 5.3+2.3−1.6† 0.07± 0.10 0.5411± 0.0011
2MASS J1534−2952AB 99± 5 0.95+0.13−0.16 0.0027+0.0028−0.0027 7434+18−21 3.40± 0.06 0.02± 0.04 0.463± 0.003
2MASS J1728+3948AB 140+7−8 0.93
+0.11
−0.13 0.015
+0.013
−0.015 14900
+600
−400 6.09
+0.17
−0.22 0.04± 0.03 0.439± 0.012
LSPM J1735+2634AB 187± 7 0.868+0.023−0.025 0.497± 0.004 7910± 90 4.37+0.07−0.06 0.077± 0.007 0.3872± 0.0025
2MASS J1750+4424AB 190+40−50
† · · · 0.73+0.09−0.07† 78000+15000−22000† 20+3−4† −0.8± 2.1 0.354± 0.008
2MASS J1847+5522AB 270+26−31
† · · · 0.09+0.05−0.09† 16500+2000−1200† 8.0+0.7−0.6† 0.05± 0.08 0.439± 0.005
SDSS J2052−1609AB 69+14−20† · · · 0.20+0.09−0.11† 16000+4000−5000† 5.0+0.5−0.6† 0.06± 0.05 0.490± 0.013
2MASS J2132+1341AB 128+7−8 0.88
+0.04
−0.05 0.315
+0.004
−0.005 3920± 60 2.42± 0.04 0.155± 0.010 0.314± 0.008
2MASS J2140+1625AB 183+14−17 0.60
+0.07
−0.08 0.196± 0.007 8930± 90 4.71± 0.14 0.042± 0.025 0.334± 0.016
2MASS J2206−2047AB 188+16−17 0.84+0.09−0.10 0.015± 0.008 8750± 80 4.69+0.13−0.14 −0.033± 0.028 0.4885± 0.0023
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Table 40—Continued
System Mtot q e P a aphot/a β
(MJup) ≡M2/M1 (days) (AU) ≡ F2/(F1 + F2)∗
DENIS J2252−1730AB 101± 7 0.70+0.08−0.09 0.334± 0.009 3222+9−10 1.95± 0.04 0.081± 0.027 0.330± 0.008
∗This is the ratio of the secondary’s flux to the total flux in the bandpass used for our CFHT/WIRCam absolute astrometry observations,
which was either broadband J (MKO) or a narrowband filter in K band centered at 2.122µm.
†We do not use these orbit determinations in our analysis given their questionable quality (see Section 4.1).
‡This is the total mass of Kelu-1AB using our CFHT parallax, but we do not use it in our analysis given that parallaxes from the
literature differ from ours at a level sufficient to result in significantly different physical properties.
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Table 41. Summary of Properties for Dynamical Mass Sample
Primary component Secondary component
System M (MJup) log(Lbol/L) SpT Teff (K) M (MJup) log(Lbol/L) SpT Teff (K) Age (Gyr)
LP 349-25AB 85± 4 −3.075+0.027−0.026 M7±1.0 2729+26−27 80± 3 −3.198± 0.027 M8±1.0 2629+29−27 0.271+0.022−0.029
LP 415-20AB 156+17−18 −3.010± 0.030 M6±1.0 · · · 92+16−18 −3.260+0.030−0.040 M8±0.5 2640+40−30 · · ·
SDSS J0423−0414AB 51.6+2.3−2.5 −4.41± 0.04 L6.5±1.5 1430+30−40 31.8+1.5−1.6 −4.72± 0.07 T2±0.5 1200± 40 0.81+0.07−0.09
2MASS J0700+3157AB 68.0± 2.6 −3.95± 0.04 L3±1.0 1860± 40 73.3+2.9−3.0 −4.45± 0.04 L6.5±1.5 · · · 0.76+0.09−0.14
LHS 1901AB 113± 8 −3.005+0.026−0.027 M7±1.0 2844± 16 99± 7 −3.046+0.026−0.027 M7±1.0 2820+20−10 · · ·
2MASS J0746+2000AB 82.4+1.4−1.5 −3.596+0.028−0.025 L0±0.5 2318+24−23 78.4± 1.4 −3.777+0.028−0.027 L1.5±0.5 2134+26−25 · · ·
2MASS J0920+3517AB 71± 5 −4.270± 0.030 L5.5±1.0 1621+32−30 116+7−8 −4.340± 0.030 L9±1.5 · · · · · ·
2MASS J1017+1308AB 81+10−11 −3.78± 0.04 L1.5±1.0 2090± 50 75± 7 −3.84± 0.04 L3±1.0 2040+60−50 · · ·
2MASS J1047+4026AB 97+6−7 −3.27± 0.04 M8±0.5 2640+50−40 80± 6 −3.39± 0.05 L0±1.0 2510+60−50 · · ·
SDSS J1052+4422AB 51± 3 −4.51± 0.04 L6.5±1.5 1366+25−29 39.4+2.6−2.7 −4.64± 0.07 T1.5±1.0 1270± 40 1.04+0.14−0.15
Gl 417BC† 51.5+1.7−1.8 −4.132± 0.030 L4.5±1.0 1639+29−31 47.7± 1.9 −4.220± 0.030 L6±1.0 1560+29−26 0.49+0.03−0.04
LHS 2397aAB 93± 4 −3.34± 0.04 M8±0.5 2560± 50 66± 4 −4.48± 0.04 · · · 1440± 40 2.8+2.1−1.5
2MASS J1404−3159AB 65± 6 −4.52+0.06−0.05 L9±1.0 1400+40−50 55+6−7 −4.87+0.08−0.07 T5±0.5 1190± 50 3.0+0.8−1.3
HD 130948BC† 59.8+2.0−2.1 −3.85± 0.06 L4±1.0 1920+70−60 55.6+2.0−1.9 −3.96± 0.06 L4±1.0 1800+50−70 0.44± 0.04
Gl 569Bab‡ 80+9−8 −3.440± 0.030 M8.5±0.5 2420± 40 58+7−9 −3.670± 0.030 M9±0.5 2170± 50 0.44+0.05−0.06
2MASS J1534−2952AB 51± 5 −4.91± 0.07 T4.5±0.5 1150+40−50 48± 5 −4.99± 0.07 T5±0.5 1100+40−50 3.0+0.4−0.5
2MASS J1728+3948AB 73± 7 −4.29+0.04−0.05 L5±1.0 1600± 40 67± 5 −4.49± 0.04 L7±1.0 1440± 40 3.4+2.8−2.1
LSPM J1735+2634AB 100± 4 −3.221± 0.028 M7.5±0.5 2677+28−26 87± 3 −3.445+0.029−0.028 L0±1.0 2462± 30 · · ·
2MASS J2132+1341AB 68± 4 −4.22± 0.05 L4.5±1.5 1660+50−40 60± 4 −4.50+0.05−0.04 L8.5±1.5 1400+30−40 1.44+0.26−0.37
2MASS J2140+1625AB 114+10−12 −3.20± 0.04 M8±0.5 2680± 40 69+8−9 −3.51± 0.04 L0.5±1.0 2410+60−50 · · ·
2MASS J2206−2047AB 102+10−11 −3.220+0.030−0.040 M8±0.5 2670± 40 86+8−10 −3.260+0.040−0.030 M8±0.5 2650+40−30 · · ·
DENIS J2252−1730AB 59± 5 −4.26+0.05−0.04 L4±1.0 1590± 50 41± 4 −4.76+0.08−0.07 T3.5±0.5 1210+50−40 1.11+0.19−0.22
Note. — The effective temperatures quoted here are derived from SM08 models for objects cooler than 2100 K and from BHAC models for objects hotter
than 2100 K. System ages are only reported in cases where the observations provide a meaningful constraint, and most of the quoted values are from our
total-mass analysis using SM08 models. The exceptions are LP 349-25AB and Gl 569Bab (total-mass analysis using BHAC models), 2MASS J0700+3157AB
(individual-mass analysis of the primary using SM08 models), and LHS 2397aAB (individual-mass analysis of the secondary using SM08 models). The individual
masses given here are directly measured in this work unless otherwise noted.
†The individual masses quoted for Gl 417BC and HD 130948BC are not measured directly but rather are inferred from evolutionary models in our total-mass
analysis. The component effective temperatures are also from our total-mass analysis.
‡The individual masses quoted for Gl 569Bab are computed from our total mass and the mass ratio from Konopacky et al. (2010). The component effective
temperatures are from our total-mass analysis.
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Table 42. Average Mass Per Spectral Type Bin
Spectral Mass (MJup) Number
Type mean rms in bin
M7–M7.5 102 8 3
M8–M8.5 94 11 7
M9–L0.5 81 10 7
L1–L3.5 76 6 4
L4–L7.5 58 9 7
L8–T1.5 48 14 3
T2–T5.5 36 9 5
Note. — The mean is computed as the weighted aver-
age among the individual mass measurements in each spec-
tral type bin. Bin sizes vary in order to include a reason-
able number of objects per bin, and the bins are larger
at later types. From our own 38 individual masses we
exclude the pre–main-sequence binary LP 349-25AB; ob-
jects that are possible unresolved binaries (LP 415-20A,
2MASS J0700+3157B, and 2MASS J0920+3517B); and
LHS 2397aB (66± 4MJup) because it has no directly mea-
sured spectral type. Individual masses from the literature
that we include here are LHS 1070BC (M9.5+L0; Ko¨hler
et al. 2012) and Gl 569Bab (M8.5+M9; total mass from
this work and mass ratio from Konopacky et al. 2010).
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Table 43. Properties of LP 349-25AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 166
+6
−7 · · · 85± 4 80± 3 −5.0+2.6−2.7
Mass ratio q · · · · · · · · · 0.941+0.029−0.030 · · ·
log(Lbol) [L] −3.075± 0.026 −3.198± 0.027 −0.12+0.03−0.04 · · · · · · · · ·
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 89± 4 78+3−4 −10± 3 86± 4 81± 3 −5± 5
log(Lbol) [L] −3.074+0.029−0.032 −3.20± 0.03 −0.12± 0.04 −3.076+0.031−0.029 −3.199+0.029−0.031 −0.12± 0.04
Mass ratio q 0.88+0.03−0.04 · · · 0.94+0.05−0.06 · · ·
Age t (Gyr) 0.271+0.022−0.029 · · · 0.251+0.026−0.033 0.30+0.03−0.04 0.05± 0.05
log(t) [yr] 8.43± 0.04 · · · 8.40± 0.05 8.47± 0.05 0.07± 0.07
Teff (K) 2740
+32
−29 2620± 30 −120± 40 2729+26−27 2629+29−27 −100± 40
Radius (RJup) 1.255
+0.019
−0.024 1.193
+0.020
−0.017 −0.061± 0.021 1.262+0.025−0.026 1.181+0.021−0.023 −0.08± 0.03
log(g) [cm s−2] 5.143+0.024−0.020 5.133± 0.024 −0.010+0.005−0.004 5.125+0.027−0.029 5.156± 0.027 0.03± 0.04
log(Li/Liinit) < −4.0 < −4.0 · · · < −4.0 < −4.0 · · ·
MKO(J −K) (mag) 0.808± 0.002 0.810+0.005−0.003 0.003+0.003−0.002 0.809+0.004−0.003 0.806+0.003−0.004 −0.003± 0.005
MKO(J −H) (mag) 0.492± 0.004 0.486+0.001−0.002 −0.006± 0.004 0.491+0.004−0.003 0.487± 0.002 −0.005± 0.004
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Table 44. Properties of LP 415-20AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 248
+26
−29 · · · 156+17−18 92+16−18 −64+20−22
Mass ratio q · · · · · · · · · 0.59+0.10−0.12 · · ·
log(Lbol) [L] −3.01± 0.03 −3.26+0.03−0.04 −0.25+0.04−0.03 · · · · · · · · ·
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 107.9
+2.8
−3.9 93.3
+1.9
−1.7 −14± 4 109.8+3.1−2.9 94.4+2.0−1.9 −16± 4
log(Lbol) [L] −3.03+0.04−0.03 −3.28+0.04−0.05 −0.25± 0.05 −3.011+0.029−0.030 −3.25± 0.04 −0.24± 0.05
Mass ratio q 0.87± 0.03 · · · 0.86± 0.03 · · ·
Age t (Gyr) 5.0+1.8−4.4 · · · 5.4+2.0−4.4 5.0+1.9−4.7 0+5−4
log(t) [yr] 9.70+0.30−0.16 · · · 9.73+0.27−0.21 9.70+0.30−0.20 0.0+0.6−0.3
Teff (K) 2829
+23
−17 2620
+50
−40 −210+40−50 2839± 17 2640+40−30 −200± 40
Radius (RJup) 1.236
+0.025
−0.038 1.087
+0.022
−0.021 −0.15+0.04−0.03 1.253+0.027−0.029 1.102+0.019−0.021 −0.15+0.03−0.04
log(g) [cm s−2] 5.240+0.008−0.009 5.294
+0.009
−0.010 0.053
+0.013
−0.011 5.235
+0.008
−0.007 5.287
+0.010
−0.008 0.052
+0.013
−0.012
log(Li/Liinit) < −4.0 < −4.0 · · · < −4.0 < −4.0 · · ·
MKO(J −K) (mag) 0.819± 0.001 0.792+0.011−0.007 −0.026+0.012−0.007 0.818± 0.001 0.798+0.008−0.005 −0.020+0.008−0.006
MKO(J −H) (mag) 0.516+0.005−0.004 0.486+0.007−0.006 −0.030± 0.008 0.517+0.005−0.004 0.490+0.006−0.005 −0.027+0.008−0.006
Note. — In BHAC total mass analysis, the median mass after rejection sampling was 201+4−3 MJup, 1.7σ lower
than the input measurement. In BHAC individual mass analysis of the primary, the median mass after rejection
sampling was 2.6σ lower than the input measurement.
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Table 45. Properties of LP 415-20AB (Unresolved Triple Hypothesis)
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 170
+20
−22 · · · 78+8−9 92+16−18 14± 17
Mass ratio q · · · · · · · · · 1.18+0.21−0.24 · · ·
log(Lbol) [L] −3.32± 0.03 −3.26+0.03−0.04 0.06+0.03−0.04 · · · · · · · · ·
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 92.3
+2.1
−1.5 94.7
+2.7
−1.9 2.5
+2.4
−2.3 92.3
+2.2
−1.6 94.4± 1.9 2.4+2.8−3.8
log(Lbol) [L] −3.30± 0.04 −3.24+0.05−0.04 0.06+0.05−0.06 −3.30± 0.04 −3.25± 0.04 0.05+0.05−0.06
Mass ratio q 1.027+0.024−0.029 · · · 1.03+0.03−0.04 · · ·
Age t (Gyr) 4.2+2.1−3.9 · · · 4.1+2.2−3.9 5.0+1.9−4.7 1+5−4
log(t) [yr] 9.62+0.38−0.28 · · · 9.6+0.4−0.3 9.70+0.30−0.20 0.1± 0.6
Teff (K) 2590
+50
−30 2650
+50
−40 50± 50 2590± 40 2640+40−30 50+50−60
Radius (RJup) 1.081± 0.019 1.109+0.022−0.021 0.027+0.023−0.027 1.082+0.017−0.022 1.102+0.019−0.021 0.020+0.031−0.027
log(g) [cm s−2] 5.295+0.012−0.007 5.283
+0.013
−0.008 −0.009± 0.011 5.295+0.012−0.008 5.287+0.009−0.008 −0.007+0.015−0.019
log(Li/Liinit) < −4.0 < −4.0 · · · < −4.0 < −4.0 · · ·
MKO(J −K) (mag) 0.790+0.009−0.012 0.800+0.007−0.006 0.008+0.011−0.010 0.791+0.009−0.013 0.798+0.008−0.005 0.007+0.014−0.012
MKO(J −H) (mag) 0.484± 0.006 0.491± 0.006 0.007+0.007−0.009 0.484± 0.006 0.490+0.006−0.005 0.006+0.008−0.009
Note. — For this analysis, the input mass and luminosity of LP 415-20A were both divided by two in order
to simulate a hypothetical scenario where it is an unresolved equal-mass, equal-flux binary. In BHAC total mass
analysis, the median mass after rejection sampling was 187.3+4.0−2.6 MJup, 0.8σ higher than the input measurement. In
BHAC individual mass analysis of the primary, the median mass after rejection sampling was 1.6σ higher than the
input measurement.
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Table 46. Properties of SDSS J0423−0414AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 83± 3 · · · 51.6+2.3−2.5 31.8+1.5−1.6 −19.8+2.7−2.6
Mass ratio q · · · · · · · · · 0.62± 0.04 · · ·
log(Lbol) [L] −4.41± 0.04 −4.72± 0.07 −0.31+0.09−0.08 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 50.6
+2.7
−2.5 32.9
+1.8
−2.4 −18+3−4 51.7+2.4−2.3 32.0+1.7−1.6 −19.8+2.9−2.8
log(Lbol) [L] −4.42± 0.05 −4.69± 0.08 −0.28± 0.09 −4.42± 0.05 −4.71+0.07−0.08 −0.29+0.09−0.08
Mass ratio q 0.65+0.05−0.06 · · · 0.62± 0.04 · · ·
Age t (Gyr) 0.81+0.07−0.09 · · · 0.85+0.09−0.12 0.78+0.12−0.13 −0.07+0.17−0.16
log(t) [yr] 8.91+0.04−0.05 · · · 8.93+0.05−0.06 8.89± 0.07 −0.04+0.09−0.08
Teff (K) 1430± 40 1210± 50 −220+70−60 1430+30−40 1200± 40 −230± 50
Radius (RJup) 0.982
+0.012
−0.011 0.995
+0.012
−0.011 0.0122
+0.0039
−0.0029 0.976
+0.015
−0.012 0.998
+0.019
−0.017 0.022
+0.022
−0.024
log(g) [cm s−2] 5.113+0.034−0.026 4.92± 0.03 −0.20± 0.04 5.128+0.028−0.031 4.90± 0.03 −0.23+0.05−0.04
MKO(J −K) (mag) 2.060+0.087−0.066 0.484+0.256−0.410 −1.558+0.265−0.434 2.061+0.075−0.072 0.399+0.219−0.304 −1.647+0.234−0.319
MKO(J −H) (mag) 1.134+0.060−0.034 0.464+0.151−0.204 −0.660+0.149−0.219 1.132+0.057−0.038 0.420+0.125−0.155 −0.702+0.135−0.165
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 46.5
+2.2
−2.0 37.1
+1.6
−2.2 −9.3+2.6−2.3 51.8+2.4−2.5 32.0± 1.6 −19.8+3.0−2.8
log(Lbol) [L] −4.41± 0.04 −4.72± 0.07 −0.31+0.08−0.09 −4.41± 0.04 −4.73± 0.07 −0.32+0.09−0.08
Mass ratio q 0.80± 0.05 · · · 0.62± 0.04 · · ·
Age t (Gyr) 0.80+0.07−0.08 · · · 1.03+0.12−0.13 0.59+0.08−0.09 −0.44± 0.15
log(t) [yr] 8.90+0.05−0.04 · · · 9.01± 0.05 8.77+0.06−0.07 −0.24± 0.08
Teff (K) 1490± 40 1240± 50 −250+60−70 1510± 40 1210± 50 −300± 60
Radius (RJup) 0.924± 0.011 0.935+0.014−0.012 0.012± 0.005 0.894+0.013−0.012 0.967+0.011−0.009 0.074+0.016−0.018
log(g) [cm s−2] 5.130+0.029−0.030 5.020
+0.028
−0.029 −0.110± 0.030 5.21± 0.03 4.93± 0.03 −0.28+0.05−0.04
log(Li/Liinit) −0.011± 0.005 0.0± 0.0 0.011± 0.005 −0.04+0.04−0.20 0.0± 0.0 0.04+0.20−0.04
MKO(J −K) (mag) 0.086+0.015−0.016 0.000+0.028−0.027 −0.089+0.032−0.025 0.065+0.018−0.020 0.045+0.034−0.027 −0.022+0.040−0.033
MKO(J −H) (mag) −0.118+0.020−0.024 −0.249+0.024−0.026 −0.131+0.032−0.035 −0.117+0.020−0.021 −0.246+0.026−0.027 −0.129± 0.034
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Table 47. Properties of 2MASS J0700+3157AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 141
+4
−5 · · · 68.0± 2.6 73.3+2.9−3.0 5± 3
Mass ratio q · · · · · · · · · 1.08± 0.05 · · ·
log(Lbol) [L] −3.95± 0.04 −4.45± 0.04 −0.50± 0.06 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 77.8
+1.4
−1.2 66.1
+6.7
−2.6 −11.3+5.3−2.5 68.5+2.9−2.6 72.2+0.8−0.6 3.5+2.9−3.0
log(Lbol) [L] −3.95+0.04−0.05 −4.46+0.05−0.04 −0.51+0.05−0.07 −3.96± 0.04 −4.45± 0.04 −0.49± 0.06
Mass ratio q 0.85+0.07−0.03 · · · 1.05+0.05−0.04 · · ·
Age t (Gyr) 1.9+0.6−0.7 · · · 0.76+0.09−0.14 7.8+2.8−5.2 7+3−5
log(t) [yr] 9.27+0.15−0.17 · · · 8.88+0.06−0.08 9.89+0.28−0.14 1.00+0.29−0.20
Teff (K) 1910
+40
−50 1450± 40 −450+60−50 1860± 40 1480± 30 −390± 50
Radius (RJup) 0.942± 0.006 0.905+0.012−0.022 −0.037+0.018−0.012 0.977+0.016−0.013 0.886± 0.005 −0.093± 0.016
log(g) [cm s−2] 5.336+0.010−0.005 5.300
+0.063
−0.025 −0.036+0.056−0.019 5.249+0.028−0.029 5.359+0.005−0.004 0.108+0.032−0.028
MKO(J −K) (mag) 1.082+0.053−0.063 2.002+0.082−0.078 0.913+0.094−0.101 1.139+0.059−0.065 1.937+0.047−0.056 0.801+0.080−0.087
MKO(J −H) (mag) 0.591+0.021−0.031 1.089+0.056−0.050 0.491+0.062−0.053 0.616+0.025−0.035 1.045+0.030−0.036 0.430+0.040−0.050
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 76.8
+1.5
−1.3 66
+4
−3 −11.0+2.7−2.5 68.7+2.7−2.8 73.6+2.1−1.3 5± 3
log(Lbol) [L] −3.95+0.04−0.05 −4.45± 0.04 −0.50± 0.06 −3.95± 0.04 −4.45± 0.04 −0.50± 0.06
Mass ratio q 0.86+0.04−0.03 · · · 1.07± 0.05 · · ·
Age t (Gyr) 2.1+0.4−0.6 · · · 1.01+0.13−0.19 5.0+1.6−2.1 3.9+1.6−2.2
log(t) [yr] 9.33+0.09−0.13 · · · 9.00+0.06−0.08 9.70+0.16−0.18 0.69+0.18−0.19
Teff (K) 1990± 40 1530+30−40 −450+50−60 1950± 40 1560± 30 −390± 50
Radius (RJup) 0.876
+0.010
−0.008 0.828
+0.014
−0.013 −0.047+0.013−0.012 0.910+0.015−0.012 0.794+0.006−0.008 −0.115+0.015−0.018
log(g) [cm s−2] 5.395+0.013−0.009 5.38± 0.04 −0.021+0.029−0.027 5.314+0.028−0.027 5.462± 0.015 0.14± 0.03
log(Li/Liinit) · · · −1.9± 0.5 · · · −2.75+0.16−0.34 · · · · · ·
MKO(J −K) (mag) 0.368+0.036−0.041 0.037+0.024−0.020 −0.331+0.042−0.049 0.366+0.036−0.035 0.010+0.022−0.023 −0.357+0.041−0.043
MKO(J −H) (mag) 0.147+0.022−0.023 −0.129+0.021−0.022 −0.274+0.033−0.030 0.132± 0.022 −0.130+0.021−0.022 −0.263+0.031−0.030
Note. — Despite the fact that this is a likely triple system with 2MASS J0700+3157B as an unresolved binary,
the total mass and individual luminosities are consistent with models. In the SM08 total mass analysis, the median
mass after rejection sampling was 144+8−4 MJup, only 0.5σ higher than the input measurement. In the Cond total mass
analysis, the median mass after rejection sampling was 142± 5MJup, only 0.2σ higher than the input measurement.
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Table 48. Properties of 2MASS J0700+3157AB (Unresolved Triple Hypothesis)
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 105± 3 · · · 68.0± 2.6 36.7± 1.5 −31.4+2.6−2.7
Mass ratio q · · · · · · · · · 0.539+0.024−0.027 · · ·
log(Lbol) [L] −3.95± 0.04 −4.75± 0.04 −0.80± 0.06 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 71.8
+2.1
−1.9 33.2
+1.6
−2.0 −38.7+1.9−1.8 68.5+2.7−2.8 36.9± 1.5 −32± 3
log(Lbol) [L] −3.96± 0.04 −4.75+0.05−0.04 −0.79± 0.06 −3.96± 0.04 −4.75± 0.04 −0.79± 0.06
Mass ratio q 0.461+0.020−0.023 · · · 0.54± 0.03 · · ·
Age t (Gyr) 0.89+0.09−0.11 · · · 0.76+0.09−0.14 1.15+0.11−0.12 0.39+0.20−0.15
log(t) [yr] 8.95+0.04−0.05 · · · 8.88+0.06−0.08 9.06± 0.04 0.18+0.09−0.07
Teff (K) 1870± 40 1180+29−30 −700± 50 1870± 40 1194+27−26 −670± 50
Radius (RJup) 0.964
+0.007
−0.009 0.983
+0.011
−0.014 0.019± 0.004 0.977+0.015−0.014 0.958± 0.010 −0.020± 0.018
log(g) [cm s−2] 5.281+0.017−0.015 4.93± 0.03 −0.351+0.022−0.023 5.250± 0.029 4.999+0.025−0.026 −0.25± 0.04
MKO(J −K) (mag) 1.120+0.055−0.065 0.318+0.149−0.195 −0.808+0.166−0.195 1.138+0.060−0.066 0.424+0.142−0.167 −0.718+0.163−0.170
MKO(J −H) (mag) 0.607+0.025−0.032 0.374+0.086−0.098 −0.237+0.091−0.097 0.616+0.026−0.034 0.432+0.078−0.087 −0.186+0.082−0.094
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 66.6
+1.9
−2.2 38.5
+1.7
−1.8 −28.1+2.2−1.9 68.7+2.5−2.9 36.8± 1.5 −32± 3
log(Lbol) [L] −3.95+0.05−0.04 −4.75± 0.04 −0.80± 0.06 −3.95± 0.04 −4.76± 0.04 −0.80± 0.06
Mass ratio q 0.578+0.024−0.026 · · · 0.54± 0.03 · · ·
Age t (Gyr) 0.90+0.08−0.09 · · · 1.01+0.14−0.19 0.83+0.08−0.09 −0.18+0.20−0.17
log(t) [yr] 8.96± 0.04 · · · 9.00+0.06−0.08 8.92± 0.04 −0.09+0.09−0.08
Teff (K) 1940
+50
−40 1221
+26
−35 −720+50−60 1950± 40 1212+27−28 −740± 50
Radius (RJup) 0.918
+0.008
−0.010 0.919
+0.008
−0.009 0.003± 0.006 0.910+0.015−0.012 0.932+0.010−0.015 0.022+0.018−0.020
log(g) [cm s−2] 5.294+0.018−0.019 5.047
+0.029
−0.030 −0.246+0.018−0.021 5.314+0.029−0.025 5.018+0.025−0.027 −0.30± 0.04
log(Li/Liinit) −2.95+0.20−0.31 0.0± 0.0 2.96+0.30−0.21 −2.72+0.20−0.32 0.0± 0.0 2.72+0.31−0.21
MKO(J −K) (mag) 0.364+0.038−0.036 −0.019+0.021−0.018 −0.386+0.043−0.039 0.366+0.034−0.036 −0.016± 0.022 −0.382+0.041−0.042
MKO(J −H) (mag) 0.130+0.023−0.022 −0.263+0.013−0.014 −0.392+0.026−0.025 0.132+0.023−0.020 −0.262± 0.015 −0.393+0.026−0.027
Note. — For this analysis, the input mass and luminosity of 2MASS J0700+3157B were both divided by two in
order to simulate a hypothetical scenario where it is an unresolved equal-mass, equal-flux binary.
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Table 49. Properties of LHS 1901AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 213
+9
−10 · · · 113± 8 99± 7 −14± 12
Mass ratio q · · · · · · · · · 0.87+0.09−0.11 · · ·
log(Lbol) [L] −3.005+0.026−0.027 −3.046+0.026−0.027 −0.04± 0.03 · · · · · · · · ·
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 110± 3 106.8+2.3−3.0 −3± 4 110.5+3.0−2.9 106.3+2.3−2.4 −4± 4
log(Lbol) [L] −3.005+0.030−0.029 −3.040+0.031−0.024 −0.04± 0.04 −3.003± 0.028 −3.044+0.028−0.021 −0.04± 0.04
Mass ratio q 0.97+0.03−0.04 · · · 0.96± 0.03 · · ·
Age t (Gyr) 5.2+1.9−4.7 · · · 5.2+2.1−4.4 5.1+1.8−4.8 0+5−4
log(t) [yr] 9.71+0.29−0.19 · · · 9.71+0.29−0.18 9.70+0.30−0.20 0.0+0.5−0.4
Teff (K) 2843± 17 2823+19−13 −20+24−23 2844± 16 2820+20−10 −24+24−22
Radius (RJup) 1.259
+0.029
−0.028 1.227
+0.023
−0.026 −0.03± 0.04 1.261+0.026−0.027 1.223+0.019−0.024 −0.04+0.03−0.04
log(g) [cm s−2] 5.234± 0.008 5.242± 0.007 0.009± 0.009 5.233± 0.007 5.243+0.006−0.007 0.010± 0.010
log(Li/Liinit) < −4.0 < −4.0 · · · < −4.0 < −4.0 · · ·
MKO(J −K) (mag) 0.818± 0.001 0.819± 0.001 0.001± 0.001 0.818± 0.001 0.819± 0.001 0.001+0.002−0.003
MKO(J −H) (mag) 0.517+0.005−0.004 0.515+0.006−0.004 −0.001+0.002−0.001 0.517+0.005−0.004 0.515+0.006−0.004 −0.002+0.005−0.009
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Table 50. Properties of 2MASS J0746+2000AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 160.8
+1.8
−1.7 · · · 82.4+1.4−1.5 78.4± 1.4 −4.0+2.3−2.2
Mass ratio q · · · · · · · · · 0.952+0.026−0.027 · · ·
log(Lbol) [L] −3.596+0.028−0.026 −3.777± 0.027 −0.18± 0.04 · · · · · · · · ·
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 83.2± 0.7 79.9+1.1−0.7 −3.6+1.2−0.7 83.4+0.7−0.6 80.0+0.8−0.5 −3.4+1.1−1.0
log(Lbol) [L] −3.599+0.023−0.027 −3.782+0.027−0.025 −0.18+0.03−0.04 −3.599+0.026−0.023 −3.783+0.026−0.027 −0.18+0.03−0.04
Mass ratio q 0.957+0.012−0.010 · · · 0.959+0.013−0.011 · · ·
Age t (Gyr) 3.2+2.4−2.2 · · · 5.1+1.9−4.2 4.4+2.1−3.4 0+4−5
log(t) [yr] 9.51+0.27−0.45 · · · 9.71+0.29−0.18 9.64+0.36−0.22 0.0+0.4−0.5
Teff (K) 2317
+24
−25 2134
+23
−28 −180+30−40 2318+24−23 2134+26−25 −180+30−40
Radius (RJup) 0.959
+0.007
−0.008 0.914
+0.008
−0.006 −0.044+0.009−0.010 0.959+0.007−0.008 0.914+0.007−0.008 −0.045+0.011−0.010
log(g) [cm s−2] 5.351+0.006−0.005 5.374
+0.009
−0.007 0.021± 0.006 5.352+0.005−0.004 5.375+0.007−0.004 0.023+0.009−0.007
log(Li/Liinit) < −4.0 < −4.0 · · · < −4.0 < −4.0 · · ·
MKO(J −K) (mag) 0.738+0.012−0.011 0.830+0.027−0.023 0.086+0.027−0.030 0.735+0.005−0.009 0.829+0.026−0.020 0.090+0.030−0.024
MKO(J −H) (mag) 0.453± 0.011 0.519+0.014−0.015 0.062+0.018−0.019 0.450+0.004−0.009 0.518+0.013−0.014 0.066+0.018−0.016
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Table 51. Properties of 2MASS J0920+3517AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 187± 11 · · · 71± 5 116+7−8 45± 5
Mass ratio q · · · · · · · · · 1.63+0.08−0.09 · · ·
log(Lbol) [L] −4.27± 0.03 −4.34± 0.03 −0.06± 0.04 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) · · · · · · · · · 74.2+0.9−0.6 · · · · · ·
log(Lbol) [L] · · · · · · · · · −4.27± 0.03 · · · · · ·
Mass ratio q · · · · · · · · · · · ·
Age t (Gyr) · · · · · · 7+3−5 · · · · · ·
log(t) [yr] · · · · · · 9.82+0.35−0.24 · · · · · ·
Teff (K) · · · · · · · · · 1621+33−30 · · · · · ·
Radius (RJup) · · · · · · · · · 0.902+0.004−0.005 · · · · · ·
log(g) [cm s−2] · · · · · · · · · 5.3560+0.0020−0.0032 · · · · · ·
MKO(J −K) (mag) · · · · · · · · · 1.691+0.077−0.066 · · · · · ·
MKO(J −H) (mag) · · · · · · · · · 0.912+0.043−0.034 · · · · · ·
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) · · · · · · · · · 73.4+3.5−2.3 · · · · · ·
log(Lbol) [L] · · · · · · · · · −4.27± 0.03 · · · · · ·
Mass ratio q · · · · · · · · · · · ·
Age t (Gyr) · · · · · · 3.1+1.5−1.7 · · · · · ·
log(t) [yr] · · · · · · 9.49+0.22−0.28 · · · · · ·
Teff (K) · · · · · · · · · 1700± 30 · · · · · ·
Radius (RJup) · · · · · · · · · 0.826+0.012−0.016 · · · · · ·
log(g) [cm s−2] · · · · · · · · · 5.430+0.029−0.025 · · · · · ·
log(Li/Liinit) · · · · · · · · · −3.16+0.20−0.43 · · · · · ·
MKO(J −K) (mag) · · · · · · · · · 0.119+0.026−0.025 · · · · · ·
MKO(J −H) (mag) · · · · · · · · · −0.032± 0.020 · · · · · ·
Note. — The total mass analysis failed due to the anomalously high mass of this system given our measured
luminosities and under the assumption that it is a binary and not higher order multiple. The individual mass
analysis of the secondary likewise failed.
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Table 52. Properties of 2MASS J0920+3517AB (Unresolved Triple Hypothesis)
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 129
+7
−8 · · · 71± 5 58+3−4 −13± 3
Mass ratio q · · · · · · · · · 0.81± 0.04 · · ·
log(Lbol) [L] −4.27± 0.03 −4.639+0.029−0.031 −0.37± 0.04 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 72.3
+2.2
−1.3 58
+5
−9 −14+4−6 74.2+0.9−0.6 59± 4 −15+4−5
log(Lbol) [L] −4.27± 0.04 −4.64+0.03−0.04 −0.36+0.04−0.05 −4.27± 0.03 −4.64± 0.03 −0.37± 0.05
Mass ratio q 0.81+0.07−0.08 · · · 0.80+0.05−0.06 · · ·
Age t (Gyr) 2.2+0.4−0.7 · · · 7+3−5 2.3+0.3−0.4 −4+5−3
log(t) [yr] 9.34+0.10−0.14 · · · 9.82+0.35−0.24 9.36+0.07−0.08 −0.44+0.29−0.40
Teff (K) 1610± 30 1322+34−24 −290+30−40 1621+33−30 1322± 23 −300± 40
Radius (RJup) 0.908
+0.004
−0.006 0.890
+0.019
−0.023 −0.017+0.017−0.015 0.902+0.004−0.005 0.888± 0.014 −0.016+0.017−0.014
log(g) [cm s−2] 5.336+0.021−0.007 5.26
+0.06
−0.07 −0.07+0.05−0.06 5.3560+0.0020−0.0032 5.27± 0.04 −0.08+0.04−0.05
MKO(J −K) (mag) 1.695+0.078−0.069 1.578+0.291−0.218 −0.108+0.333−0.255 1.691+0.077−0.066 1.575+0.216−0.213 −0.110+0.235−0.217
MKO(J −H) (mag) 0.912+0.042−0.037 0.973+0.111−0.088 0.062+0.130−0.111 0.912+0.043−0.034 0.971+0.089−0.081 0.062+0.094−0.093
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 69.9
+2.8
−2.7 60
+4
−5 −9.6+2.4−2.0 73.4+3.5−2.3 59± 4 −14+5−6
log(Lbol) [L] −4.27+0.03−0.04 −4.640+0.041−0.027 −0.37+0.04−0.06 −4.27+0.03−0.04 −4.64± 0.03 −0.37± 0.05
Mass ratio q 0.863+0.042−0.030 · · · 0.81+0.06−0.07 · · ·
Age t (Gyr) 2.2+0.4−0.5 · · · 3.1+1.4−1.7 1.99+0.25−0.37 −1.0+1.9−1.6
log(t) [yr] 9.33+0.08−0.10 · · · 9.49+0.22−0.28 9.30+0.06−0.08 −0.19± 0.26
Teff (K) 1690
+30
−40 1380± 30 −310+30−50 1700+40−30 1370± 30 −330± 50
Radius (RJup) 0.839± 0.009 0.823+0.017−0.018 −0.016+0.009−0.008 0.826+0.012−0.016 0.831+0.016−0.017 0.004+0.023−0.021
log(g) [cm s−2] 5.393+0.026−0.027 5.34
+0.05
−0.06 −0.051+0.026−0.024 5.430+0.030−0.025 5.32± 0.05 −0.10+0.05−0.06
log(Li/Liinit) −3.10+−0.21−0.22 −0.0202+0.0020−0.0027 3.3+0.0−0.2 −3.26+0.20−0.32 −0.0215+0.0019−0.0018 3.5+0.0−0.6
MKO(J −K) (mag) 0.127± 0.021 −0.034+0.017−0.013 −0.163+0.024−0.028 0.119+0.026−0.025 −0.032+0.015−0.014 −0.151+0.029−0.030
MKO(J −H) (mag) −0.033± 0.021 −0.219+0.016−0.013 −0.186+0.022−0.030 −0.032+0.020−0.019 −0.219+0.014−0.015 −0.187+0.025−0.024
Note. — For this analysis, the input mass and luminosity of 2MASS J0920+3517B were both divided by two in
order to simulate a hypothetical scenario where it is an unresolved equal-mass, equal-flux binary.
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Table 53. Properties of 2MASS J1017+1308AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 156
+14
−18 · · · 81+10−11 75± 7 −6± 7
Mass ratio q · · · · · · · · · 0.92± 0.08 · · ·
log(Lbol) [L] −3.78± 0.04 −3.84± 0.04 −0.06± 0.04 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 81.4
+1.5
−0.7 80.4
+1.3
−1.1 −1.0+1.4−1.2 81.4+1.1−0.9 80.6+1.2−0.9 −0.8+1.8−1.6
log(Lbol) [L] −3.77+0.06−0.04 −3.83± 0.05 −0.06+0.07−0.06 −3.78± 0.05 −3.82± 0.05 −0.04± 0.07
Mass ratio q 0.987+0.017−0.015 · · · 0.990+0.023−0.019 · · ·
Age t (Gyr) 6+3−6 · · · 7.3+2.8−6.8 7.0+2.9−6.4 0+6−7
log(t) [yr] 9.80+0.37−0.24 · · · 9.86+0.31−0.20 9.84+0.33−0.23 0.0± 0.5
Teff (K) 2090
+60
−40 2030± 60 −60± 70 2090± 50 2040+60−50 −50+80−70
Radius (RJup) 0.963
+0.008
−0.010 0.955± 0.008 −0.007± 0.009 0.961+0.007−0.009 0.955+0.007−0.008 −0.005+0.012−0.013
log(g) [cm s−2] 5.3387+0.0040−0.0025 5.3416
+0.0015
−0.0033 0.0009
+0.0041
−0.0018 5.3396
+0.0029
−0.0023 5.3416
+0.0013
−0.0026 0.001
+0.006
−0.004
MKO(J −K) (mag) 0.940+0.020−0.027 0.973+0.026−0.038 0.030+0.035−0.042 0.943+0.022−0.027 0.968+0.025−0.035 0.023± 0.040
MKO(J −H) (mag) 0.540+0.007−0.008 0.550± 0.009 0.009+0.010−0.013 0.541+0.007−0.008 0.549+0.007−0.010 0.007± 0.012
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 80.2
+1.5
−1.0 79.2
+1.4
−1.1 −1.0+1.1−1.4 80.2+1.2−1.0 79.4+1.3−1.0 −0.8+2.1−1.9
log(Lbol) [L] −3.77± 0.05 −3.83± 0.05 −0.06+0.07−0.06 −3.78± 0.05 −3.82± 0.05 −0.04± 0.07
Mass ratio q 0.987+0.017−0.015 · · · 0.990+0.026−0.023 · · ·
Age t (Gyr) 4.4+2.3−3.7 · · · 5.0+1.9−4.3 4.8+1.9−4.2 0± 4
log(t) [yr] 9.64+0.35−0.22 · · · 9.70+0.30−0.19 9.68+0.32−0.21 0.0± 0.5
Teff (K) 2140
+60
−50 2090± 50 −60± 70 2140± 50 2100± 50 −40+70−80
Radius (RJup) 0.918
+0.012
−0.014 0.906
+0.010
−0.013 −0.010+0.012−0.014 0.916± 0.013 0.907+0.009−0.013 −0.008+0.017−0.018
log(g) [cm s−2] 5.372+0.013−0.006 5.379
+0.008
−0.006 0.004
+0.008
−0.006 5.374
+0.011
−0.005 5.378
+0.008
−0.005 0.004
+0.014
−0.013
log(Li/Liinit) < −4.0 < −4.0 · · · < −4.0 < −4.0 · · ·
MKO(J −K) (mag) 0.822+0.035−0.037 0.860+0.055−0.058 0.039+0.068−0.056 0.826+0.033−0.039 0.855+0.049−0.053 0.033+0.066−0.071
MKO(J −H) (mag) 0.515+0.020−0.027 0.540+0.028−0.036 0.026+0.037−0.036 0.517+0.020−0.026 0.536+0.028−0.031 0.022+0.038−0.042
– 274 –
Table 54. Properties of 2MASS J1047+4026AB (a.k.a. LP 213-68)
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 178
+11
−12 · · · 97+6−7 80± 6 −17± 7
Mass ratio q · · · · · · · · · 0.82± 0.06 · · ·
log(Lbol) [L] −3.27± 0.04 −3.39± 0.05 −0.13± 0.06 · · · · · · · · ·
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 94.2
+2.4
−2.2 89.5
+2.4
−2.0 −5.0+3.0−2.7 94.2± 2.1 89.1+2.8−2.2 −5+4−3
log(Lbol) [L] −3.26± 0.05 −3.39+0.05−0.07 −0.13± 0.07 −3.26± 0.05 −3.39+0.05−0.06 −0.13+0.08−0.07
Mass ratio q 0.947± 0.029 · · · 0.94+0.04−0.03 · · ·
Age t (Gyr) 4.7+2.0−4.3 · · · 5.2+2.0−4.5 4.3+2.1−4.0 −1+4−5
log(t) [yr] 9.67+0.33−0.22 · · · 9.72+0.28−0.18 9.63+0.37−0.29 −0.1± 0.5
Teff (K) 2640± 50 2510+50−60 −130± 70 2640+50−40 2510+60−50 −130± 70
Radius (RJup) 1.099
+0.024
−0.023 1.042
+0.021
−0.029 −0.06± 0.03 1.097+0.023−0.024 1.042+0.025−0.026 −0.06+0.03−0.04
log(g) [cm s−2] 5.288± 0.011 5.312+0.014−0.012 0.023+0.016−0.014 5.289± 0.010 5.312+0.016−0.012 0.022+0.021−0.017
log(Li/Liinit) < −4.0 < −4.0 · · · < −4.0 < −4.0 · · ·
MKO(J −K) (mag) 0.797+0.009−0.006 0.769+0.019−0.017 −0.027+0.021−0.018 0.796+0.010−0.007 0.769+0.019−0.021 −0.025+0.021−0.022
MKO(J −H) (mag) 0.489+0.007−0.006 0.471+0.012−0.013 −0.018+0.018−0.009 0.489+0.007−0.006 0.471+0.019−0.006 −0.017+0.015−0.014
– 275 –
Table 55. Properties of SDSS J1052+4422AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 90
+4
−5 · · · 51± 3 39.4+2.6−2.7 −11± 4
Mass ratio q · · · · · · · · · 0.78± 0.07 · · ·
log(Lbol) [L] −4.51± 0.04 −4.64± 0.07 −0.13± 0.08 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 50± 4 41+3−4 −9+5−6 51± 3 39.9+2.6−2.8 −11± 4
log(Lbol) [L] −4.52± 0.04 −4.62+0.07−0.06 −0.10± 0.08 −4.52± 0.04 −4.64± 0.07 −0.12± 0.08
Mass ratio q 0.82+0.09−0.11 · · · 0.78± 0.07 · · ·
Age t (Gyr) 1.04+0.14−0.15 · · · 1.10+0.17−0.21 1.05+0.21−0.24 −0.1± 0.3
log(t) [yr] 9.02± 0.06 · · · 9.04± 0.08 9.02+0.10−0.09 −0.02± 0.12
Teff (K) 1361
+30
−33 1280
+50
−40 −80± 60 1366+25−29 1270± 40 −100± 50
Radius (RJup) 0.960
+0.015
−0.016 0.966± 0.014 0.006+0.004−0.005 0.954+0.018−0.019 0.967+0.022−0.024 0.013± 0.029
log(g) [cm s−2] 5.12± 0.04 5.04± 0.04 −0.09+0.05−0.07 5.14± 0.04 5.02+0.05−0.04 −0.12± 0.06
MKO(J −K) (mag) 1.927+0.205−0.150 1.143+0.432−0.491 −0.759+0.499−0.548 1.948+0.179−0.116 1.021+0.386−0.405 −0.898+0.411−0.439
MKO(J −H) (mag) 1.104+0.083−0.049 0.783+0.219−0.193 −0.314+0.222−0.233 1.110+0.071−0.039 0.727+0.184−0.174 −0.375+0.193−0.185
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 47.4
+2.5
−2.7 43.3
+2.7
−2.4 −4.3+2.6−2.7 51± 3 39.8+2.7−2.8 −11+5−4
log(Lbol) [L] −4.51± 0.04 −4.65+0.08−0.07 −0.14+0.09−0.08 −4.51± 0.04 −4.65± 0.07 −0.14+0.08−0.09
Mass ratio q 0.91± 0.05 · · · 0.78+0.07−0.08 · · ·
Age t (Gyr) 0.99± 0.12 · · · 1.18+0.16−0.20 0.83+0.13−0.16 −0.35+0.25−0.22
log(t) [yr] 8.99± 0.05 · · · 9.07+0.07−0.06 8.92+0.08−0.07 −0.15± 0.10
Teff (K) 1420± 40 1310+60−50 −110+60−70 1430± 40 1290± 50 −140+60−70
Radius (RJup) 0.902
+0.010
−0.013 0.908
+0.007
−0.011 0.0048
+0.0029
−0.0048 0.883± 0.016 0.924+0.019−0.018 0.042± 0.025
log(g) [cm s−2] 5.16± 0.04 5.11+0.03−0.04 −0.047+0.031−0.027 5.21± 0.04 5.06+0.04−0.05 −0.15+0.07−0.06
log(Li/Liinit) −0.014+0.007−0.006 −0.003± 0.003 0.009+0.006−0.007 −0.022+0.017−0.039 0.0± 0.0 0.021+0.039−0.019
MKO(J −K) (mag) 0.045+0.016−0.019 0.015+0.029−0.024 −0.030+0.025−0.020 0.030± 0.019 0.021+0.027−0.025 −0.010+0.036−0.031
MKO(J −H) (mag) −0.165+0.021−0.019 −0.225± 0.029 −0.061+0.033−0.038 −0.162+0.020−0.019 −0.227+0.026−0.030 −0.064+0.035−0.033
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Table 56. Properties of Gl 417BC
Property Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 99.2
+3.0
−3.3 · · ·
log(Lbol) [L] −4.132+0.031−0.029 −4.219+0.030−0.032 −0.09± 0.04
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 51.5
+1.7
−1.8 47.7
+1.9
−1.8 −3.9± 1.9
log(Lbol) [L] −4.136+0.032−0.030 −4.217+0.032−0.029 −0.08+0.05−0.04
Mass ratio q 0.92+0.03−0.04 · · ·
Age t (Gyr) 0.49+0.03−0.04 · · ·
log(t) [yr] 8.69+0.03−0.04 · · ·
Teff (K) 1639
+29
−31 1560
+29
−26 −80± 40
Radius (RJup) 1.032
+0.010
−0.009 1.036
+0.010
−0.009 0.0043
+0.0022
−0.0020
log(g) [cm s−2] 5.078+0.021−0.022 5.041
+0.025
−0.021 −0.037+0.018−0.019
MKO(J −K) (mag) 1.530+0.054−0.058 1.697+0.064−0.070 0.167+0.088−0.090
MKO(J −H) (mag) 0.810+0.026−0.032 0.899+0.037−0.038 0.089+0.046−0.050
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 51.1
+1.8
−1.7 48.3
+1.6
−1.5 −2.8+1.4−1.5
log(Lbol) [L] −4.13± 0.03 −4.22± 0.03 −0.09± 0.04
Mass ratio q 0.945+0.027−0.026 · · ·
Age t (Gyr) 0.49+0.03−0.04 · · ·
log(t) [yr] 8.692+0.030−0.033 · · ·
Teff (K) 1677
+28
−35 1592
+28
−32 −90± 40
Radius (RJup) 0.993
+0.006
−0.010 0.995
+0.007
−0.009 0.0034
+0.0018
−0.0023
log(g) [cm s−2] 5.109+0.025−0.021 5.081
+0.023
−0.019 −0.028± 0.014
log(Li/Liinit) −0.020+0.006−0.005 −0.014± 0.004 0.006+0.003−0.005
MKO(J −K) (mag) 2.050+0.018−0.016 2.076+0.014−0.016 0.000± 0.000
MKO(J −H) (mag) 1.140+0.017−0.016 1.166+0.014−0.016 0.000± 0.000
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Table 57. Properties of LHS 2397aAB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 159
+7
−8 · · · 93± 4 66± 4 −27.3+3.0−2.9
Mass ratio q · · · · · · · · · 0.706+0.027−0.028 · · ·
log(Lbol) [L] −3.34+0.04−0.05 −4.48± 0.04 −1.14± 0.06 · · · · · · · · ·
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) · · · · · · · · · 91.5+1.7−1.8 · · · · · ·
log(Lbol) [L] · · · · · · · · · −3.34± 0.05 · · · · · ·
Mass ratio q · · · · · · · · · · · ·
Age t (Gyr) · · · · · · 5.3+1.9−4.5 · · · · · ·
log(t) [yr] · · · · · · 9.72+0.28−0.17 · · · · · ·
Teff (K) · · · · · · · · · 2560+40−50 · · · · · ·
Radius (RJup) · · · · · · · · · 1.063+0.020−0.023 · · · · · ·
log(g) [cm s−2] · · · · · · · · · 5.304+0.011−0.009 · · · · · ·
log(Li/Liinit) · · · · · · · · · < −4.0 · · · · · ·
MKO(J −K) (mag) · · · · · · · · · 0.779+0.016−0.010 · · · · · ·
MKO(J −H) (mag) · · · · · · · · · 0.478+0.012−0.006 · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) · · · · · · · · · · · · 69.3+3.7−2.9 · · ·
log(Lbol) [L] · · · · · · · · · · · · −4.48+0.05−0.04 · · ·
Mass ratio q · · · · · · · · · · · ·
Age t (Gyr) · · · · · · · · · 2.8+2.1−1.5 · · ·
log(t) [yr] · · · · · · · · · 9.45+0.26−0.31 · · ·
Teff (K) · · · · · · · · · · · · 1440± 40 · · ·
Radius (RJup) · · · · · · · · · · · · 0.890± 0.013 · · ·
log(g) [cm s−2] · · · · · · · · · · · · 5.335+0.033−0.029 · · ·
MKO(J −K) (mag) · · · · · · · · · · · · 2.013+0.077−0.089 · · ·
MKO(J −H) (mag) · · · · · · · · · · · · 1.100+0.043−0.060 · · ·
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 92.3± 1.8 69+6−3 −23+7−4 92.2± 1.8 67± 4 −25+4−5
log(Lbol) [L] −3.33± 0.05 −4.48+0.05−0.04 −1.15+0.06−0.07 −3.33± 0.05 −4.48+0.05−0.04 −1.15± 0.07
Mass ratio q 0.75+0.07−0.04 · · · 0.73± 0.05 · · ·
Age t (Gyr) 3.2+1.1−1.8 · · · 5.1+1.9−4.4 2.6+0.6−1.0 −2+4−3
log(t) [yr] 9.50+0.17−0.29 · · · 9.71+0.29−0.18 9.42+0.11−0.17 −0.25+0.28−0.37
Teff (K) 2570± 50 1520± 40 −1040± 60 2560± 50 1520± 40 −1050± 60
Radius (RJup) 1.068
+0.020
−0.023 0.810
+0.014
−0.026 −0.258+0.029−0.032 1.068+0.020−0.023 0.819+0.016−0.017 −0.251+0.028−0.026
log(g) [cm s−2] 5.300+0.010−0.009 5.42
+0.06
−0.03 0.12
+0.06
−0.04 5.300± 0.010 5.40± 0.04 0.10± 0.04
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Table 57—Continued
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
log(Li/Liinit) · · · −0.8+0.8−0.5 · · · · · · −1.8+0.4−0.7 · · ·
MKO(J −K) (mag) 0.703+0.017−0.012 0.013+0.028−0.025 −0.689+0.028−0.031 0.702+0.016−0.013 0.019+0.027−0.023 −0.683± 0.029
MKO(J −H) (mag) 0.362± 0.013 −0.143+0.023−0.022 −0.505+0.026−0.024 0.361+0.014−0.012 −0.142+0.022−0.024 −0.503+0.025−0.027
Note. — The BHAC models do not extend to the luminosity of the secondary, so for the BHAC individual
mass analysis only the results for LHS 2397aA are given. The SM08 models do not extend to the luminosity of
the primary, so for the SM08 individual mass analysis only the results for LHS 2397aB are given.
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Table 58. Properties of 2MASS J1404−3159AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 120
+11
−13 · · · 65± 6 55+6−7 −10± 4
Mass ratio q · · · · · · · · · 0.84± 0.06 · · ·
log(Lbol) [L] −4.52+0.06−0.05 −4.87+0.08−0.07 −0.35+0.09−0.10 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 67.9
+4.4
−2.3 53
+7
−9 −14+5−6 69± 4 57± 7 −10± 8
log(Lbol) [L] −4.55± 0.06 −4.86± 0.08 −0.32± 0.10 −4.54± 0.06 −4.86± 0.08 −0.33± 0.10
Mass ratio q 0.79+0.08−0.11 · · · 0.86+0.11−0.12 · · ·
Age t (Gyr) 3.0+0.8−1.3 · · · 3.5+2.4−2.2 3.9+1.0−1.7 0+3−4
log(t) [yr] 9.48+0.14−0.19 · · · 9.54+0.28−0.36 9.59+0.13−0.21 0.1± 0.4
Teff (K) 1400
+40
−50 1180± 60 −220+70−60 1400+40−50 1190± 50 −210+80−60
Radius (RJup) 0.884
+0.010
−0.012 0.862
+0.034
−0.029 −0.018+0.023−0.018 0.883+0.014−0.018 0.841+0.023−0.030 −0.04± 0.03
log(g) [cm s−2] 5.335+0.028−0.025 5.24
+0.08
−0.12 −0.09+0.05−0.09 5.34+0.03−0.04 5.30± 0.08 −0.03± 0.09
MKO(J −K) (mag) 2.012+0.118−0.082 0.313+0.271−0.396 −1.645+0.305−0.446 1.984+0.136−0.074 0.382+0.300−0.397 −1.577+0.331−0.424
MKO(J −H) (mag) 1.118+0.054−0.034 0.393+0.162−0.210 −0.706+0.177−0.219 1.104+0.047−0.056 0.432+0.163−0.207 −0.663+0.169−0.217
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 66
+4
−5 55
+7
−8 −10+4−3 68+7−3 57+7−8 −10+9−10
log(Lbol) [L] −4.53+0.07−0.06 −4.88+0.08−0.07 −0.34± 0.10 −4.53± 0.06 −4.88± 0.08 −0.35± 0.10
Mass ratio q 0.85+0.07−0.06 · · · 0.86+0.12−0.14 · · ·
Age t (Gyr) 2.5+0.6−0.9 · · · 3.0+1.1−1.5 2.9+0.8−1.2 −0.1+2.0−2.4
log(t) [yr] 9.40+0.12−0.17 · · · 9.48+0.17−0.25 9.46+0.14−0.20 −0.01+0.29−0.28
Teff (K) 1470
+50
−60 1200± 60 −270+70−80 1480± 50 1210+50−60 −270± 80
Radius (RJup) 0.818
+0.018
−0.019 0.82± 0.03 0.003+0.013−0.015 0.810+0.013−0.028 0.808+0.027−0.035 0.00± 0.04
log(g) [cm s−2] 5.39± 0.05 5.30+0.08−0.10 −0.08+0.06−0.03 5.41+0.07−0.03 5.34+0.10−0.09 −0.07+0.10−0.11
log(Li/Liinit) −0.6+0.5−0.7 −0.017+0.003−0.007 0.6+0.5−0.6 −1.0+1.0−0.4 −0.018+0.003−0.006 1.0+0.5−1.0
MKO(J −K) (mag) −0.002± 0.029 −0.149+0.056−0.045 −0.149+0.063−0.047 −0.007+0.033−0.031 −0.159+0.062−0.051 −0.153+0.067−0.064
MKO(J −H) (mag) −0.168+0.029−0.034 −0.307+0.026−0.024 −0.138+0.039−0.041 −0.166+0.029−0.031 −0.307+0.024−0.027 −0.141+0.040−0.039
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Table 59. Properties of HD 130948BC
Property Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 115.4
+2.2
−2.1 · · ·
log(Lbol) [L] −3.85± 0.06 −3.96± 0.06 −0.11± 0.09
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 59.9± 2.0 55.6+1.9−2.0 −4± 3
log(Lbol) [L] −3.86+0.07−0.06 −3.97+0.06−0.07 −0.11+0.09−0.08
Mass ratio q 0.93± 0.05 · · ·
Age t (Gyr) 0.44± 0.04 · · ·
log(t) [yr] 8.64± 0.04 · · ·
Teff (K) 1920
+70
−60 1800
+50
−70 −120+100−90
Radius (RJup) 1.040
+0.011
−0.010 1.041± 0.010 0.0011+0.0014−0.0011
log(g) [cm s−2] 5.136+0.020−0.018 5.103± 0.019 −0.033+0.026−0.024
MKO(J −K) (mag) 1.081+0.059−0.090 1.242+0.100−0.112 0.161+0.121−0.132
MKO(J −H) (mag) 0.588+0.027−0.043 0.663+0.050−0.057 0.075+0.056−0.065
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 59.6
+1.6
−1.8 56.0
+1.8
−1.6 −3.5+2.8−2.3
log(Lbol) [L] −3.83+0.07−0.06 −3.98+0.06−0.07 −0.15+0.09−0.10
Mass ratio q 0.94+0.05−0.04 · · ·
Age t (Gyr) 0.49± 0.03 · · ·
log(t) [yr] 8.689+0.030−0.026 · · ·
Teff (K) 2000
+70
−60 1830
+60
−70 −160+90−110
Radius (RJup) 0.989
+0.008
−0.009 0.987
+0.006
−0.005 −0.0002+0.0016−0.0023
log(g) [cm s−2] 5.178+0.015−0.017 5.152
+0.020
−0.016 −0.025+0.020−0.017
log(Li/Liinit) −0.7+0.5−0.3 −0.14+0.12−0.06 0.5+0.4−0.6
MKO(J −K) (mag) 0.904+0.023−0.021 1.787+0.287−0.278 0.847+0.297−0.387
MKO(J −H) (mag) 0.560+0.013−0.010 1.008+0.146−0.149 0.434+0.133−0.203
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Table 60. Properties of Gl 569Bab
Property Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 138± 7 · · ·
log(Lbol) [L] −3.44± 0.03 −3.67± 0.03 −0.22± 0.04
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 75± 4 64± 4 −11.4+2.4−2.6
log(Lbol) [L] −3.44± 0.04 −3.66± 0.04 −0.22± 0.05
Mass ratio q 0.85± 0.03 · · ·
Age t (Gyr) 0.44+0.05−0.06 · · ·
log(t) [yr] 8.64+0.05−0.06 · · ·
Teff (K) 2420± 40 2170± 50 −250+50−60
Radius (RJup) 1.057
+0.017
−0.015 1.014
+0.018
−0.013 −0.042+0.013−0.010
log(g) [cm s−2] 5.222+0.026−0.031 5.18
+0.03
−0.04 −0.036+0.013−0.011
log(Li/Liinit) < −4.0 −3.1+3.1−1.7 5.5+1.8−1.5
MKO(J −K) (mag) 0.793+0.010−0.008 0.894+0.014−0.019 0.103+0.018−0.027
MKO(J −H) (mag) 0.481+0.009−0.006 0.550+0.001−0.021 0.066+0.021−0.023
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Table 61. Properties of 2MASS J1534−2952AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 99± 5 · · · 51± 5 48± 5 −3± 8
Mass ratio q · · · · · · · · · 0.95+0.13−0.16 · · ·
log(Lbol) [L] −4.91± 0.07 −4.99± 0.07 −0.07+0.09−0.10 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 51± 3 49± 3 −2.1± 3.0 52± 5 49± 5 −3± 7
log(Lbol) [L] −4.91+0.07−0.08 −4.98± 0.07 −0.07+0.10−0.11 −4.91+0.08−0.07 −4.99± 0.07 −0.08+0.10−0.11
Mass ratio q 0.96± 0.06 · · · 0.94+0.12−0.13 · · ·
Age t (Gyr) 3.0+0.4−0.5 · · · 3.2+0.6−1.0 3.1+0.6−0.9 −0.1+1.1−1.2
log(t) [yr] 9.48+0.06−0.07 · · · 9.51+0.11−0.12 9.50+0.10−0.12 −0.01+0.16−0.15
Teff (K) 1150± 50 1100± 50 −50± 70 1150+40−50 1100+40−50 −50+60−70
Radius (RJup) 0.862
+0.015
−0.011 0.863
+0.016
−0.012 0.0012
+0.0022
−0.0019 0.856
+0.020
−0.026 0.860
+0.021
−0.026 0.00± 0.03
log(g) [cm s−2] 5.23± 0.04 5.21± 0.04 −0.019+0.029−0.027 5.25± 0.06 5.22+0.07−0.06 −0.03± 0.09
MKO(J −K) (mag) 0.123+0.196−0.278 −0.092+0.172−0.184 −0.202+0.287−0.338 0.130+0.205−0.266 −0.096+0.148−0.192 −0.223+0.309−0.292
MKO(J −H) (mag) 0.286+0.132−0.148 0.155+0.114−0.117 −0.129+0.186−0.194 0.294+0.122−0.150 0.153+0.105−0.117 −0.140+0.181−0.174
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 51± 3 49± 3 −3± 4 52± 5 49± 5 −3± 7
log(Lbol) [L] −4.92± 0.07 −4.99+0.08−0.07 −0.07± 0.10 −4.92± 0.07 −5.00± 0.07 −0.07± 0.10
Mass ratio q 0.95± 0.07 · · · 0.95+0.12−0.14 · · ·
Age t (Gyr) 2.25+0.29−0.32 · · · 2.4+0.5−0.6 2.4+0.5−0.6 0.0+0.9−0.8
log(t) [yr] 9.35± 0.06 · · · 9.37+0.10−0.11 9.37± 0.11 0.00+0.16−0.15
Teff (K) 1160± 50 1110± 50 −50± 70 1170± 50 1110+40−50 −50± 70
Radius (RJup) 0.835± 0.015 0.842+0.016−0.015 0.006± 0.009 0.829+0.024−0.028 0.837+0.025−0.030 0.01± 0.04
log(g) [cm s−2] 5.26± 0.04 5.23+0.04−0.05 −0.03± 0.04 5.27± 0.07 5.24± 0.07 −0.03+0.10−0.09
log(Li/Liinit) −0.0184+0.0025−0.0052 −0.015+0.004−0.008 0.004+0.008−0.006 −0.017+0.003−0.007 −0.014+0.004−0.010 0.002+0.010−0.009
MKO(J −K) (mag) −0.165+0.058−0.044 −0.220+0.065−0.057 −0.056+0.080−0.073 −0.171+0.059−0.047 −0.227+0.066−0.058 −0.055+0.084−0.082
MKO(J −H) (mag) −0.322+0.017−0.022 −0.339+0.014−0.018 −0.016+0.023−0.025 −0.322+0.019−0.023 −0.340+0.016−0.019 −0.019+0.030−0.026
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Table 62. Properties of 2MASS J1728+3948AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 140
+7
−8 · · · 73± 7 67± 5 −5± 9
Mass ratio q · · · · · · · · · 0.93+0.11−0.13 · · ·
log(Lbol) [L] −4.29+0.05−0.04 −4.49± 0.04 −0.19± 0.06 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 73.4
+1.5
−1.6 70.3± 2.8 −3.2+2.0−1.7 73.9+1.0−0.7 71.0+1.8−2.1 −2.8+2.5−3.8
log(Lbol) [L] −4.29± 0.05 −4.50± 0.05 −0.20+0.06−0.07 −4.29± 0.05 −4.49± 0.05 −0.20+0.07−0.06
Mass ratio q 0.956+0.030−0.022 · · · 0.96+0.03−0.05 · · ·
Age t (Gyr) 3.4+2.8−2.1 · · · 6.9+3.0−5.9 4.5+3.0−3.2 −1+5−7
log(t) [yr] 9.53+0.27−0.38 · · · 9.84+0.33−0.22 9.65+0.30−0.41 −0.1+0.4−0.5
Teff (K) 1600± 40 1440± 40 −160± 50 1600± 40 1440± 40 −160± 50
Radius (RJup) 0.902
+0.006
−0.007 0.887
+0.013
−0.012 −0.013+0.010−0.007 0.900+0.004−0.006 0.885+0.008−0.013 −0.016+0.013−0.014
log(g) [cm s−2] 5.351+0.007−0.013 5.346
+0.023
−0.030 −0.004+0.016−0.014 5.3563± 0.0021 5.354+0.018−0.020 0.001+0.019−0.039
MKO(J −K) (mag) 1.740+0.087−0.085 2.008+0.079−0.094 0.275+0.133−0.104 1.738+0.081−0.084 2.000+0.087−0.082 0.275+0.111−0.121
MKO(J −H) (mag) 0.937+0.047−0.043 1.101+0.043−0.061 0.167+0.060−0.073 0.937+0.045−0.042 1.094+0.046−0.053 0.163+0.057−0.074
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 72.3
+3.6
−2.2 68± 4 −3.8+2.1−1.3 74.0+2.8−2.4 69.6+5.7−2.5 −4+5−6
log(Lbol) [L] −4.30+0.04−0.06 −4.49+0.04−0.05 −0.19± 0.06 −4.29± 0.05 −4.49+0.04−0.05 −0.20± 0.06
Mass ratio q 0.947+0.032−0.017 · · · 0.95+0.07−0.08 · · ·
Age t (Gyr) 2.9+0.7−1.1 · · · 3.6+1.8−2.4 3.3+1.0−1.7 −0.3+2.9−3.0
log(t) [yr] 9.46+0.12−0.17 · · · 9.56+0.30−0.25 9.52+0.16−0.24 0.0± 0.3
Teff (K) 1680
+40
−50 1520± 40 −170± 50 1690+50−40 1520± 40 −170± 60
Radius (RJup) 0.827
+0.012
−0.013 0.815
+0.015
−0.018 −0.013+0.006−0.005 0.820+0.013−0.017 0.808+0.013−0.022 −0.015+0.027−0.022
log(g) [cm s−2] 5.422+0.028−0.025 5.41± 0.04 −0.013+0.010−0.013 5.439+0.026−0.025 5.423+0.055−0.027 0.00+0.05−0.06
log(Li/Liinit) · · · −0.1± 0.0 · · · −2.9+0.4−0.7 −1.5+0.7−0.6 0.9± 0.0
MKO(J −K) (mag) 0.103+0.029−0.030 0.013+0.022−0.025 −0.089+0.032−0.037 0.103+0.031−0.034 0.007+0.027−0.028 −0.097+0.043−0.042
MKO(J −H) (mag) −0.046+0.025−0.027 −0.145± 0.023 −0.100+0.032−0.035 −0.045+0.027−0.025 −0.146± 0.022 −0.101+0.034−0.035
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Table 63. Properties of LSPM J1735+2634AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 187± 7 · · · 100± 4 87± 3 −13.2+2.8−2.6
Mass ratio q · · · · · · · · · 0.868+0.023−0.025 · · ·
log(Lbol) [L] −3.221± 0.028 −3.445+0.028−0.029 −0.22± 0.04 · · · · · · · · ·
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 96.1
+1.4
−1.7 87.8± 1.1 −8.4+1.9−1.7 96.3+1.5−1.6 87.8+1.2−1.1 −8.5+2.0−1.9
log(Lbol) [L] −3.22± 0.03 −3.45± 0.03 −0.23+0.04−0.05 −3.22± 0.03 −3.44± 0.03 −0.23+0.05−0.04
Mass ratio q 0.913+0.019−0.017 · · · 0.912+0.020−0.019 · · ·
Age t (Gyr) 5.3+2.1−4.2 · · · 5.3+2.0−4.3 5.2+1.9−4.5 0± 4
log(t) [yr] 9.73+0.27−0.17 · · · 9.72+0.28−0.17 9.72+0.28−0.18 0.0± 0.4
Teff (K) 2674± 27 2458+28−31 −210± 40 2677+28−26 2462± 30 −210± 40
Radius (RJup) 1.118
+0.016
−0.017 1.015
+0.012
−0.014 −0.103+0.019−0.021 1.120+0.016−0.017 1.017+0.014−0.013 −0.103± 0.021
log(g) [cm s−2] 5.281+0.007−0.006 5.325
+0.007
−0.006 0.043
+0.009
−0.008 5.281
+0.007
−0.006 5.324± 0.007 0.044± 0.010
log(Li/Liinit) < −4.0 < −4.0 · · · < −4.0 < −4.0 · · ·
MKO(J −K) (mag) 0.803± 0.004 0.750+0.008−0.012 −0.051+0.010−0.012 0.803± 0.004 0.751+0.010−0.011 −0.051+0.010−0.013
MKO(J −H) (mag) 0.494+0.005−0.004 0.459+0.006−0.008 −0.036+0.007−0.010 0.495+0.005−0.004 0.459+0.007−0.008 −0.035+0.008−0.010
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Table 64. Properties of 2MASS J2132+1341AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 128
+7
−8 · · · 68± 4 60± 4 −8± 3
Mass ratio q · · · · · · · · · 0.88+0.04−0.05 · · ·
log(Lbol) [L] −4.22± 0.05 −4.50± 0.05 −0.28± 0.06 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 69.9
+3.2
−2.9 59
+5
−6 −10± 4 74.3+2.0−2.8 61+4−5 −12+5−7
log(Lbol) [L] −4.22± 0.05 −4.51+0.04−0.05 −0.28± 0.07 −4.22± 0.05 −4.51± 0.05 −0.29± 0.07
Mass ratio q 0.85± 0.06 · · · 0.84+0.06−0.09 · · ·
Age t (Gyr) 1.44+0.26−0.37 · · · 3.6+3.9−2.8 1.6+0.3−0.4 −1.7+2.9−5.0
log(t) [yr] 9.16+0.09−0.10 · · · 9.6+0.4−0.6 9.21+0.09−0.11 −0.3± 0.5
Teff (K) 1650
+40
−50 1400
+30
−40 −250± 60 1660+50−40 1400+30−40 −260+50−70
Radius (RJup) 0.925
+0.010
−0.012 0.925
+0.019
−0.021 0.000
+0.009
−0.008 0.909
+0.010
−0.012 0.915
+0.020
−0.017 0.001
+0.024
−0.023
log(g) [cm s−2] 5.306± 0.028 5.23+0.05−0.06 −0.07± 0.04 5.352+0.006−0.029 5.26+0.04−0.06 −0.08± 0.06
MKO(J −K) (mag) 1.607+0.113−0.103 2.004+0.109−0.074 0.389+0.154−0.144 1.579+0.121−0.111 2.023+0.078−0.091 0.438+0.157−0.134
MKO(J −H) (mag) 0.863+0.060−0.057 1.116+0.046−0.033 0.249+0.083−0.056 0.849+0.066−0.060 1.124+0.042−0.032 0.272+0.075−0.073
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 68.6
+3.0
−2.9 60
+5
−4 −7.9+2.3−2.5 70.5+6.5−2.4 61+4−5 −9+5−6
log(Lbol) [L] −4.22± 0.05 −4.50+0.06−0.04 −0.27+0.07−0.06 −4.22± 0.05 −4.50± 0.05 −0.28± 0.07
Mass ratio q 0.884+0.046−0.027 · · · 0.87+0.07−0.08 · · ·
Age t (Gyr) 1.71+0.28−0.36 · · · 2.0+0.6−0.9 1.77+0.29−0.40 −0.2+1.0−0.9
log(t) [yr] 9.23+0.08−0.09 · · · 9.30+0.13−0.21 9.25+0.08−0.10 −0.05+0.23−0.18
Teff (K) 1730± 50 1480+40−50 −240± 60 1740± 50 1480± 40 −250± 60
Radius (RJup) 0.856
+0.012
−0.011 0.844
+0.016
−0.020 −0.012+0.007−0.008 0.846± 0.019 0.840± 0.018 −0.007+0.027−0.025
log(g) [cm s−2] 5.366+0.030−0.029 5.32
+0.06
−0.04 −0.043+0.026−0.016 5.390+0.057−0.029 5.33± 0.05 −0.06+0.06−0.07
log(Li/Liinit) −3.01+0.14−0.45 −0.7+0.7−0.5 2.8+0.6−0.4 −3.24+0.22−0.35 −1.1+1.1−0.4 2.2+0.7−0.6
MKO(J −K) (mag) 0.167+0.033−0.031 0.025± 0.022 −0.143+0.044−0.029 0.161± 0.035 0.023+0.022−0.023 −0.139+0.043−0.041
MKO(J −H) (mag) −0.007+0.029−0.025 −0.153+0.022−0.026 −0.145+0.040−0.030 −0.005+0.027−0.028 −0.154± 0.024 −0.149+0.037−0.035
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Table 65. Properties of 2MASS J2140+1625AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 183
+14
−17 · · · 114+10−12 69+8−9 −45+12−11
Mass ratio q · · · · · · · · · 0.60+0.07−0.08 · · ·
log(Lbol) [L] −3.20± 0.04 −3.51± 0.04 −0.31± 0.04 · · · · · · · · ·
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 96.9
+2.2
−2.6 85.6
+1.7
−1.5 −11.5+2.9−2.6 96.2+2.2−2.3 85.6+4.2−2.7 −11+6−4
log(Lbol) [L] −3.20+0.05−0.04 −3.51± 0.05 −0.31± 0.06 −3.22+0.05−0.04 −3.50+0.05−0.04 −0.28+0.07−0.06
Mass ratio q 0.882+0.028−0.024 · · · 0.88+0.06−0.04 · · ·
Age t (Gyr) 5.0+1.9−4.6 · · · 5.2+2.6−3.8 3.0+2.6−2.8 −2+4−5
log(t) [yr] 9.70+0.30−0.20 · · · 9.72+0.28−0.17 9.5± 0.5 −0.2+0.5−0.8
Teff (K) 2690
+50
−30 2400± 40 −290+60−50 2680± 40 2410+60−50 −270+80−60
Radius (RJup) 1.128
+0.021
−0.028 0.990± 0.018 −0.137+0.027−0.030 1.120+0.026−0.021 1.006+0.021−0.027 −0.11+0.03−0.04
log(g) [cm s−2] 5.277± 0.010 5.336+0.010−0.009 0.058+0.015−0.011 5.281+0.009−0.010 5.327+0.022−0.018 0.044+0.033−0.022
log(Li/Liinit) < −4.0 < −4.0 · · · < −4.0 < −4.0 · · ·
MKO(J −K) (mag) 0.804+0.007−0.005 0.736+0.007−0.014 −0.066+0.011−0.015 0.803± 0.006 0.748+0.016−0.026 −0.053+0.019−0.027
MKO(J −H) (mag) 0.496+0.007−0.006 0.450+0.005−0.011 −0.046+0.009−0.013 0.495+0.007−0.005 0.456+0.009−0.017 −0.038+0.013−0.019
Note. — In the total-mass analysis, the median mass after rejection sampling was 183± 3MJup, 0.05σ lower
than the input measurement. In the individual-mass analysis of the primary, the median mass after rejection
sampling was 1.7σ lower than the input measurement, and for the secondary the median mass after rejection
sampling was 2.0σ higher than the input measurement.
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Table 66. Properties of 2MASS J2206−2047AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 188
+16
−17 · · · 102+10−11 86+8−10 −17± 11
Mass ratio q · · · · · · · · · 0.84+0.09−0.10 · · ·
log(Lbol) [L] −3.22+0.04−0.03 −3.26+0.03−0.04 −0.03+0.04−0.03 · · · · · · · · ·
Derived from Baraffe et al. (2015) Evolutionary Models
Mass M (MJup) 96.1
+2.4
−2.2 94.8
+2.0
−2.2 −1.4+2.7−2.8 95.7+2.0−2.3 95.0+2.3−2.0 −1± 3
log(Lbol) [L] −3.22+0.05−0.04 −3.25+0.05−0.04 −0.03± 0.06 −3.23± 0.04 −3.24± 0.04 −0.01± 0.06
Mass ratio q 0.986+0.028−0.029 · · · 0.99+0.04−0.03 · · ·
Age t (Gyr) 5.0+1.9−4.6 · · · 5.2+2.0−4.5 4.8+1.9−4.5 0± 4
log(t) [yr] 9.70+0.30−0.20 · · · 9.71+0.29−0.18 9.68+0.32−0.22 0.0± 0.5
Teff (K) 2680
+40
−30 2650
+50
−30 −30± 50 2670± 40 2650+40−30 −10± 60
Radius (RJup) 1.120
+0.023
−0.022 1.105
+0.025
−0.019 −0.015+0.031−0.027 1.114+0.023−0.022 1.110± 0.022 0.00± 0.03
log(g) [cm s−2] 5.280+0.010−0.009 5.286± 0.010 0.005+0.011−0.012 5.282+0.010−0.009 5.284+0.011−0.009 0.001+0.016−0.013
log(Li/Liinit) < −4.0 < −4.0 · · · < −4.0 < −4.0 · · ·
MKO(J −K) (mag) 0.803+0.006−0.005 0.799+0.007−0.006 −0.003± 0.008 0.802± 0.006 0.800± 0.006 −0.001± 0.009
MKO(J −H) (mag) 0.494+0.007−0.005 0.491± 0.006 −0.003+0.007−0.008 0.493± 0.006 0.491± 0.006 −0.002± 0.009
Note. — In the total-mass analysis, the median mass after rejection sampling was 191+4−3 MJup, 0.2σ higher than
the input measurement. In the individual-mass analysis, the median mass of the primary after rejection sampling
was 0.6σ lower than the input measurement, and the median mass of the secondary after rejection sampling was
1.0σ higher than the input measurement.
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Table 67. Properties of DENIS J2252−1730AB
Using Total Mass Using Individual Masses
Property Primary Secondary ∆ = B−A Primary Secondary ∆ = B−A
Input Observed Properties
Mass M (MJup) 101± 7 · · · 59± 5 41± 4 −18± 6
Mass ratio q · · · · · · · · · 0.70+0.08−0.09 · · ·
log(Lbol) [L] −4.26± 0.04 −4.76± 0.07 −0.50± 0.08 · · · · · · · · ·
Derived from Saumon & Marley (2008) Hybrid Evolutionary Models
Mass M (MJup) 65± 4 37.1+3.0−4.4 −27.6+2.8−3.4 61+5−8 42± 4 −19+9−7
log(Lbol) [L] −4.26± 0.05 −4.74± 0.08 −0.48± 0.09 −4.25± 0.05 −4.75± 0.08 −0.50± 0.09
Mass ratio q 0.57+0.03−0.05 · · · 0.69+0.09−0.10 · · ·
Age t (Gyr) 1.11+0.19−0.22 · · · 0.94+0.20−0.31 1.5+0.3−0.4 0.5+0.6−0.5
log(t) [yr] 9.04± 0.08 · · · 8.97+0.10−0.15 9.18+0.11−0.10 0.20+0.20−0.16
Teff (K) 1600± 50 1200+60−50 −400± 70 1590± 50 1210+50−40 −380± 70
Radius (RJup) 0.941
+0.011
−0.018 0.961
+0.018
−0.020 0.0193
+0.0037
−0.0029 0.956
+0.032
−0.027 0.929
+0.024
−0.027 −0.03± 0.04
log(g) [cm s−2] 5.26± 0.04 5.00+0.05−0.06 −0.257+0.028−0.043 5.22+0.06−0.08 5.08± 0.06 −0.14+0.10−0.09
MKO(J −K) (mag) 1.691+0.119−0.094 0.459+0.281−0.393 −1.221+0.309−0.416 1.703+0.115−0.093 0.520+0.284−0.415 −1.176+0.314−0.416
MKO(J −H) (mag) 0.905+0.060−0.055 0.453+0.175−0.191 −0.447+0.176−0.216 0.911+0.056−0.055 0.493+0.160−0.199 −0.416+0.169−0.206
Derived from Baraffe et al. (2003) Cond Evolutionary Models
Mass M (MJup) 59
+5
−4 42± 3 −17± 3 61± 6 42± 4 −19± 7
log(Lbol) [L] −4.26± 0.05 −4.76+0.08−0.07 −0.50± 0.09 −4.25± 0.05 −4.77+0.07−0.08 −0.52± 0.09
Mass ratio q 0.71+0.05−0.04 · · · 0.69+0.09−0.10 · · ·
Age t (Gyr) 1.10+0.15−0.18 · · · 1.17+0.24−0.32 1.13+0.23−0.29 −0.1+0.5−0.4
log(t) [yr] 9.04+0.06−0.07 · · · 9.07+0.09−0.13 9.05± 0.10 −0.02+0.16−0.15
Teff (K) 1660
+50
−60 1230
+50
−60 −430± 70 1670± 50 1230+50−60 −440± 70
Radius (RJup) 0.886
+0.012
−0.017 0.904
+0.014
−0.013 0.016
+0.007
−0.006 0.880
+0.021
−0.024 0.902
+0.020
−0.022 0.02± 0.03
log(g) [cm s−2] 5.27+0.05−0.04 5.10± 0.05 −0.167+0.030−0.031 5.29± 0.06 5.11± 0.06 −0.18± 0.09
log(Li/Liinit) −2.1+0.7−1.5 −0.00019+0.00019−0.00356 2.1+1.5−0.7 −2.1+0.7−1.5 −0.0005+0.0005−0.0046 2.1+1.5−0.7
MKO(J −K) (mag) 0.143+0.029−0.033 −0.043+0.045−0.040 −0.188+0.058−0.052 0.144+0.027−0.032 −0.049+0.056−0.045 −0.195+0.063−0.053
MKO(J −H) (mag) −0.033+0.028−0.030 −0.265+0.022−0.027 −0.231+0.040−0.035 −0.031+0.026−0.029 −0.267+0.024−0.025 −0.236+0.035−0.039
–
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Table 68. Coefficients of Polynomial Fits
y x c0 c1 c2 c3 c4 c5 rms valid x range
Teff (Lyon) SpT 4251.0 −238.03 4.582 · · · · · · · · · 90 K M7–T5
Teff (SM08) SpT 4544.3 −284.52 6.001 · · · · · · · · · 80 K L1.5–T5
MKO Photometric System
log(Lbol/L) MK −172.188 68.11147 −10.671188 0.8162709 −0.03068824 0.000454547 0.05 dex∗ 9.1–17.8 mag
log(Lbol/L) MH −13.282 3.46876 −0.351721 0.0106200 · · · · · · 0.023 dex 9.6–13.3 mag
JMKO − J2MASS MK −2.284 0.55165 −0.043190 0.0010379 · · · · · · 0.015 mag 9.1–17.0 mag
HMKO −H2MASS MH −0.051 0.00850 · · · · · · · · · · · · 0.003 mag 9.6–13.4 mag
HMKO −H2MASS MK −0.702 0.15644 −0.010605 0.0002365 · · · · · · 0.004 mag 9.1–17.0 mag
KMKO −KS,2MASS MK −0.048 0.00221 · · · · · · · · · · · · 0.006 mag 9.1–13.0 mag
KMKO −KS,2MASS MK −1.526 0.11594 · · · · · · · · · · · · 0.007 mag 13.0–14.2 mag
KMKO −KS,2MASS MK 0.054 0.00447 · · · · · · · · · · · · 0.007 mag 14.2–17.0 mag
KH2 −K MK −0.207 0.07241 −0.004693 · · · · · · · · · 0.025 mag 9.1–13.1 mag
2MASS Photometric System
log(Lbol/L) MKS −59.877 22.58776 −3.364101 0.2357643 −0.00785837 0.000098821 0.05 dex∗ 8.8–16.6 mag
log(Lbol/L) MH −10.426 2.74259 −0.290797 0.0089222 · · · · · · 0.023 dex 9.2–13.3 mag
JMKO − J2MASS MKS −2.747 0.66217 −0.051739 0.0012518 · · · · · · 0.017 mag 9.1–16.6 mag
HMKO −H2MASS MKS −0.754 0.16903 −0.011606 0.0002626 · · · · · · 0.004 mag 9.1–16.6 mag
HMKO −H2MASS MH −0.050 0.00845 · · · · · · · · · · · · 0.003 mag 9.6–13.4 mag
KMKO −KS,2MASS MKS −0.048 0.00219 · · · · · · · · · · · · 0.006 mag 9.1–12.9 mag
KMKO −KS,2MASS MKS −1.413 0.10801 · · · · · · · · · · · · 0.026 mag 12.9–14.2 mag
KMKO −KS,2MASS MKS 0.088 0.00240 · · · · · · · · · · · · 0.007 mag 14.2–17.0 mag
KH2 −KS MKS −0.036 0.03407 −0.002824 · · · · · · · · · 0.021 mag 9.1–13.1 mag
Note. — The coefficients are defined as:
y =
∑
i=0
cix
i
where y and x are the quantities listed in the first two columns. For spectral types, M7 corresponds to 7.0 and T5 corresponds to 25.0.
∗The luminosity relations have significantly different scatter at bright and faint magnitudes. For both, the scatter is 0.04 dex at ≤13.0 mag and
0.07 dex at >13.0 mag.
